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Life Cycle, Individual Thrift, and the Wealth of Nations 


By FRANCO MODIGLIANI* 


This paper provides a review of the theory 
of the determinants of individual and na- 
tional thrift that has come to be known as 
the Life Cycle Hypothesis (LCH) of saving. 
Applications to some current policy issues 
are also discussed. 

Section I deals with the state of the art on 
the eve of the formulation of the LCH some 
thirty years ago. Section II sets forth the 
theoretical foundations of the model in its 
original formulation and later amendment, 
calling attention to various implications, dis- 
tinctive to it and, sometimes, counterintui- 
tive. It also includes a review of a number of 
crucial empirical tests, both at the individual 
and the aggregate level. Section III reviews 
some applications of LCH to current policy 
issues, though only in sketchy fashion, as 
space constraints prevent fuller discussion. 


I. Antecedents 


A. The Role of Thrift and the 
Keynesian Revolution- 


The study of individual thrift and aggre- 
gate saving and wealth has long been central 
to economics because national saving is the 
source of the supply of capital, a major 
factor of production controlling the produc- 
tivity of labor and and its growth over time. 
It is because of this relation between saving 
and productive capital that thrift has tradi- 
tionally been regarded as a virtuous, socially 
beneficial act. 


*Sloan School of Management, Massachusetts In- 
stitute of Technology, Cambridge, MA 02139. 

This article is the lecture Franco Modigliani delivered 
in Stockholm, Sweden, December 9, 1985, when he 
received the Nobel Prize in Economic Sciences. The 
article is copyright © The Nobel Foundation 1985, and 
published here with the permission of The Nobel 
Foundation. 


Yet, there was a brief but influential inter- 
val in the course.of which, under the impact 
of the Great Depression, and of the interpre- 
tation of this episode which John Maynard 
Keynes suggested in the .General Theory 
(1936), saving came to be seen with suspi- 
cion, as potentially disruptive to the econ- 
omy and harmful to social welfare. The 
period in question goes from the mid-1930’s 
to the late 1940’s or early 1950’s. Thrift 
posed a potential threat, as it reduced one 
component of demand, consumption, without 
systematically and automatically giving rise 


. to an offsetting expansion in investment. It 
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might thus cause “inadequate” demand— . 
and, hence, output and employment lower 
than the capacity of the economy. This failure 
was attributable to a variety of reasons in- 
cluding wage rigidity, liquidity preference, `. 
fixed capital coefficients in production, and 
to investment controlled by animal spirits 
rather than by the cost of capital. 

Not only was oversaving seen as having 
played a major role in the Great Depression, 
but, in addition, there was widespread fear 
that the problem might come back to haunt 
the postwar era. These fears were fostered by 
a widely held conviction that, in the future, 
there would not be too much need for ad- 
ditional accumulation of capital while saving 
would rise even faster than income. This 
combination could be expected to result, 
sooner or later, in saving outstripping the 
“need” for capital. These concerns were at 
the base of the “stagnationist” school which 
was prominent in the 1940’s and early 1950’s. 


B. Early Keynesian Theories of the 
Determinants of Saving 


It is interesting and somewhat paradoxical 
that the present day interest and extensive 
research activity about saving behavior owes 
its beginnings to the central role assigned by 
Keynesian economics to the consumption 
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function as a determinant of aggregate de- 
mand, and to the concern with oversaving as 
a source of both cyclical fluctuations and 
long-run stagnation. It is for this reason that 
the early endeavor to model individual and 
aggregate saving behavior was dominated by 
the views expressed on this subject by Keynes 
in the General Theory, and in particular by 
his well-known “fundamental psychological 
{rather that ‘economic’] law” (p. 96) to the 
effect that an increase in' income can be 
counted on to lead to a positive but smaller 
change in consumption. Even when the anal- 
ysis followed the more traditional line of 
demand theory, it relied on a purely static 
framework in which saving was seen as one 
of the many “goods” on which the consumer 
could spend his income. Thus, income was 
seen as the main systematic determinant of 
both individual and national saving, and, in 
- line with Keynes’ “law,” it was regarded as a 
superior commodity (i.e., one on which “ex- 
penditure” rises with income) and most likely 
„a luxury, for which expenditure rises faster 
-© than income. Also, in contrast to other goods, 
the “expenditure” on saving could be nega- 
tive—and, accordingly, dissaving was seen as 
typical of people or countries below some 
“break-even” level of income. All these fea- 
tures could be formalized by expressing con- 
sumption as a linear function of income with 
a substantial positive intercept. This formu- 
lation appeared to be supported by the find- 
ings of numerous budget studies, and even 
by the newly developed National Income 
Accounts, spanning the period of the Great 
Depression, at the bottom of which saving 
turned small or even negative. 

As is apparent, in this early phase the 
dominant approach could best be char- 
acterized as crudely empirical; little attention 
was given to why rational consumers would 
choose to “allocate” their income to saving. 
The prevailing source of substantial saving 
was presumably the desire of the rich to 
bequeath an estate (Keynes’ “pride” motive, 
p. 108). Accordingly, the main source of the 
existing capital stock could be traced to in- 
heritance. Similarly, there was little evidence 
of concern with how, and how long, “poor” 
people, or countries, could dissave without 
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having saved first or without exceeding their 
means. 


C. Three Landmark Empirical Studies 


In the second half of the 1940’s, three 
important empirical contributions dealt a 
fatal blow to this extraordinarily simple view 
of the saving process. First, the work of 
Simon Kuznets (1946) and others provided 
clear evidence that the saving ratio had not 
changed much since the middle of the nine- 
teenth century, despite the large rise in per 
capita income. Second, a path-breaking 
contribution of Dorothy Brady and R. D. 
Friedman (1947) provided a reconciliation of 
Kuznets’ results with budget study evidence 
of a strong association between the saving 
rate and family income. They demonstrated 
that the consumption function implied by 
family data shifted up in time as mean in- 
come increased, in such a way that the saving 
rate was explained not by the absolute in- 
come of the family but rather by its income 
relative to overall mean income. 

Ways of reconciling these findings with the 
standard linear consumption function were 
soon provided by James Duesenberry (1949) 
and me (1949), though within the empirical 
tradition of the earlier period. Duesenberry’s 
“relative income hypothesis” accounted for - 
the Brady-Friedman results in terms of im- 
itation of the upper classes. This is an ap- 
pealing explanation, though it fails to come 
to grips with the budget constraint in the 
case of would-be dissavers below mean in- 
come. Similarly, the ‘“‘Duesenberry-Modig- 
liani” consumption function tried to recon- 
cile the cyclical variations of the saving ratio 
with its long-run stability by postulating that 
current consumption was determined not just 
by current income but also by its highest 
previous peak, resulting in a ratchet-like up- 
ward creep in the short-run consumption 
function. In my own formulation, primary 
stress was placed on reasons why the saving 
rate should move procyclically and on the 
consideration that in an economy with stable 
long-run growth, the ratio of the current 
to highest previous income could be taken 
as a good measure of cyclical conditions. 
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Duesenberry, on the other hand, put more 
stress on consumers explicitly anchoring their 
consumption on the previous peak. This for- 
mulation was brought to its logical conclu- 
sion by Tillman Brown (1952) when he pro- 
posed that the highest previous income 
should be replaced by the highest previous 
consumption. 

The third fundamental contribution was 
the highly imaginative analysis of Margaret 
Reid (unpublished) which pointed to a total- 
ly different explanation for the association 
between the saving ratio and relative income, 
namely that consumption was controlled by 
normal or “permanent,” rather than current, 
income. 

This contribution was an important source 
of inspiration, both for the life cycle and for 
the roughly contemporaneous Permanent In- 
come Hypothesis (PIH) of Milton Friedman 
(1957). 


TI. The Life Cycle Hypothesis 


Between 1952 and 1954, Richard Brum- 
berg and I wrote two essays, “Utility Analy- 
sis and the Consumption Function: An In- 
terpretation of Cross-Section Data” (1954), 
and “Utility Analysis and the Aggregate 
Consumption Function: An Attempt at In- 
“tegration” (published in 1979) which provide 
the basis for the Life Cycle Hypothesis of 
Saving (LCH). They will be referred to 
hereafter as MB-C and MB-A, respectively. 
Our purpose was to show that all the well- 
established empirical regularities could be 
accounted for in terms of rational, utility- 
maximizing, consumers allocating optimally 
their resources to consumption over their 
life, in the spirit of Irving Fisher (1930). (For 
an earlier and extensive, but strictly theoreti- 
cal, application of utility maximization to the 
theory of saving by households, see U. Ricci, 
1926.) 


A. Utility Maximization and the Role 
of Life Resources (Permanent Income) 


The hypothesis of utility maximization 
(and perfect markets) has, all by itself, one 
very powerful implication—the resources 
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that a representative consumer allocates to 
consumption at any age, t, will depend only 
on his life resources (the present value of 
labor income plus bequests received, if any) 
and not at all on income accruing currently. 
When combined with the self-evident propo- 
sition that the representative consumer will 
choose to consume at a reasonably stable 
rate, close to his anticipated average life 
consumption, we can reach one conclusion 
fundamental for an understanding of indi- 
vidual saving behavior, namely that the size 
of saving over short periods of time, like a 
year, will be swayed by the extent to which 
current income departs from average life re- 
sources. 

This conclusion is common to LCH and to 
Friedman’s PIH which differs from LCH 
primarily in that it models rational consump- 
tion and saving decisions under the “sim- 
plifying” assumption that life is indefinitely 
long. Accordingly, the notion of life re- 
sources is replaced by that of “permanent 
income,” while the discrepancy between cur- 
rent and permanent income is labeled “ tran- 
sitory” income. 

The notion that saving largely reflects 
transitory income has a number of implica- 
tions which have been made familiar by the 
contributions of Friedman and by our own 
1954 paper, and which have received ample 
empirical support, even with some occasional 
controversy. Among these implications, the 
best known and well established is that relat- 
ing to the upward bias arising in estimating 
the slope of a saving-income relation from 
budget data, when, as is usual, the individual 
observations are classified by current income 
classes. Because of the correlation between 
transitory and current income (relative to 
mean income), the regression line tends to be 
steeper than the underlying true relation be- 
tween the (permanent) saving rate and 
permanent income. Thus, the estimated sav- 
ing function departs from the true one by 
being rotated counterclockwise around the 
mean, to an extent that is greater the greater 
the variability of transitory income, for ex- 
ample, more for a sample of farmers than for 
one of government employees. It is this 
phenomenon that accounts for the finding of 
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Brady-Friedman cited above, to the effect 
that the saving ratio, estimated from budget 
studies at different points of time, appears to 
depend on the income not in absolute terms 
but rather relative to overall mean income. 
This same consideration provides an ex- 
planation for a famous counterintuitive em- 
pirical finding first observed in a large survey 
conducted in the United States in 1936, 
namely that black families appeared to save 
more (or dissave less) than white families at 
any level of income. The reason, of course, is 
that black families tend to have a much 
lower average level of permanent income, 
and, therefore, at any given level of current 
income the transitory component, and hence 
saving, tended to be larger (see, for example, 
Fisher and Brown). 
The extent of bias in the cross-sectional 
saving function should tend to decline if the 
- households are classified by some criterion 
less positively correlated with transitory in- 
come, and this prediction too has been ex- 

_ tensively verified (see, for example, my paper 
with Albert Ando, 1960). 

However, I do not intend to pursue here 
any further the implications of the relation 
between saving and transitory income since, 
as already noted, these implications are basi- 
cally the same for LCH as for PIH. I con- 
centrate, instead, on those aspects that are 
specific to LCH. 


B. LCH —The “Stripped Down” Version 


By explicitly recognizing the finite life of 
households, the LCH could deal with varia- 
tions in serving other than those resulting 
from the transitory deviations of income from 
life resources of PIH. In particular, it could 
focus on those systematic variations in in- 
come and in “needs” which occur over the 
life cycle, as a result of maturing and retir- 
ing, and of changes in family size—hence the 
name Life Cycle Hypothesis. In addition, the 
LCH was in a position to take into account 
bequests and the bequest motive, which were 
not amenable to analysis within the ap- 
proximation of infinite life. 

In MB-C and in the first two parts of the 
MB-A, we made a number of simplifying, 
stylized, assumptions concerning the life cy- 
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INCOME, CONSUMPTION, SAVING AND WEALTH AS A FUNCTION OF AGE 


FIGURE 1 


cle path of household opportunities and 
tastes, in order to draw out succinctly the 
essential implications of the LCH approach. 
These were: 1) opportunities: income con- 
stant until retirement; zero thereafter; zero 
interest rate; and 2) preferences: constant 
consumption over life; no bequests. 

For this “basic” or “stripped down” 
model, the life cycle path of saving and 
wealth is described in the, by now familiar, 
graph of Figure 1. Because the retirement 
span follows the earning span, consumption 
smoothing leads to a humped-shaped age 
path of wealth holding, a shape that had 
been suggested earlier by Roy Harrod (1948) 
under the label of hump saving (though 
“hump wealth” would seem like a more de- 
scriptive label). 

In MB-A, it was shown that this basic 
model led to a number of implications which 
were at that time quite novel and surprising 
—almost counterintuitive. They included the 
following: 

1. The saving rate of a country is en- 
tirely independent of its per capita income. 

2. Differing national saving rates are 
consistent with an identical individual life 
cycle behavior. 

3. Between countries with identical indi- 
vidual behavior, the aggregate saving rate 
will be higher the higher the long-run growth 
rate of the economy. It will be zero for zero 
growth. 

4. The wealth-income ratio is a decreas- 
ing function of the growth rate, thus being 
largest at zero growth. 
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5. An economy can accumulate a very 
substantial stock of wealth relative to income 
even if no wealth is passed on by bequests. 

6. The main parameter that controls the 
wealth-income ratio and the saving rate for 
given growth is the prevailing length of re- 
tirement. 

To establish these propositions, we begin 
by considering the case of a stationary econ- 
omy, and then that of steady growth. 


1. The Case of a Stationary Economy. Sup- 
pose that there is neither productivity nor 
population growth, and assume, convenient- 
ly, that mortality rate is 1 at some age L and 
0 before. Then, clearly, Figure 1 will repre- 
sent the age distribution of wealth, saving, 
consumption, and income, up to a factor 
representing the (constant) number of people 
in each age bracket. Hence, the aggregate 
wealth-income ratio, W/Y, is given by the 
ratio of the sum of wealth held at each 
age—the area under the wealth path—to the 
area under the income path. This has a num- 
ber of significant implications. 

(a) It is apparent from the graph that 
W/Y depends on a single parameter, the 
length of retirement, M—which establishes 
Proposition 6. The relation between M and 
W/Y turns out to be extremely simple, to 
wit: : 


(1) W/Y = M/2, 


(see MB-A, fn. 38). 

(b) In MB-A, for illustrative purposes, 
we conservatively took the average length of 
retirement as 10 years, implying a wealth- 
income ratio of 5. This result was an exciting 
one in that this value was close to the income 
ratio suggested by preliminary estimates of 
Raymond Goldsmith’s (1956) monumental 
study of U.S. savings. It implied that one 
could come close to accounting for the entire 
wealth holding of the United States without 
any appeal to the bequest process— Proposi- 
tion 5—a quite radical departure from con- 
ventional wisdom. 

(c) With income and population sta- 
tionary, aggregate wealth must remain con- 
stant in time and, therefore, the change in 
wealth or rate of saving must be zero, despite 
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the large stock of wealth—Proposition 3. 


The explanation is that, in stationary state, 
the dissaving of the retired, from wealth 
accumulated earlier, just offsets the accumu- 
lation of the active population in view of 
retirement. Saving could occur only tran- 
siently if a shock pushed W away from 
(M/2)Y, where Y is the stationary level of 
income; then, as long as Y remained at Y, 
wealth would gradually return to the equi- 
librium level (M/2)Y. 


2. The Case of a Steadily Growing Economy. 
In this case, the behavior of the saving rates 
can be inferred from that of aggregate private 
wealth, W, through the relation S$ = AW, im- 


plying: 
(2) s=—=——=pw 


ds /dp =w + p(dw/dp) 


where w is the wealth-income ratio and p is 
the rate of growth of the economy which in’ 
steady state equals the rate of growth of 
wealth, AW/W. Since w is positive and is 
based on a level life cycle consumption and 
earnings, which insures that it is independent 
of the level of income, we have established 
Propositions 1 and 2. If, in addition, the age 
profile of the wealth-income ratio could be 
taken as independent of growth, then the 
saving rate would be proportional to growth 
with a proportionality factor equal to M/2, 
substantiating Proposition 3. Actually, the 
model implies that w is, generally, a declin- 
ing function of p—Proposition 4—though 
with a small slope, so that the slope of the 
relation between s and p tends to flatten out 
as p grows. 

When the source of growth is population, 
the mechanism behind positive saving may 
be labelled the Neisser effect (see his 1944 
article): younger households in their accumu- 
lation phase account for a larger share of 
population, and retired dissavers for a smaller 
share, than in the stationary society. How- 
ever, w also falls with p because the younger 
people also are characterized by relatively 
lower levels of wealth holding. Thanks to the 
simplifying assumptions of the basic model, 
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it was possible to calculate explicitly values 
for w and s: for p=2 percent, w=4, s=8 
percent; for p = 4 percent, w = 3-1/4, s =13 
percent. 

When the growth is due to productivity, 
the mechanism at work may be called the 
Bentzel (1959) effect (who independently 
called attention to it). Productivity growth 
implies that younger cohorts have larger 
lifetime resources than older ones, and, 
therefore, their savings are larger than the 
dissaving of the poorer, retired cohorts. It 
was shown in MB-A that, if agents plan their 
consumption as though they did not antic- 
ipate the future growth of income, then w(p) 
and s(p) for productivity growth are just 
about the same as for population growth, for 
values of p in the relevant range. 

It should be noted that this conclusion is 
diametrically opposite to that reached by 
Friedman, namely that productivity growth 
should tend to depress the saving ratio on 
the ground that a rise in income “expected to 
_ continue tends to raise permanent income 
relative to measured income and so to raise 
consumption relative to measured income” 
(p. 234). This difference in the implications 
of the two models—one of the very few of 
any significance—can be traced to the fact 
that, if life is infinite, there cannot be a 
Bentzel effect. To be sure, to the extent that 
agents anticipate fully future income, they 
will tend to shift consumption from the fu- 
ture to the present and this will tend to 
reduce the path of wealth and perhaps even 
generate negative net worth in early life (see, 
for example, James Tobin, 1967). But this 
effect must be overshadowed by the Bentzel 
effect, at least for small values of p which, 
realistically, is what matters. (This follows 
from the continuity of ds/dp in equation 
(2).) 

The model also implies that the short-run 
behavior of aggregate consumption could be 
described by a very simple aggregate con- 
sumption function, linear in aggregate (labor) 
income (YL), and wealth (W): 


(3) C=aYL + 8W. 


An equation of this type had been proposed 
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somewhat earlier by Gardner Ackley (1951), 
though both the functional form and the 
presumed stability of the coefficients rested 
on purely heuristic considerations. By con- 
trast, it was shown in MB-A that, if income 
followed closely the steady growth path, then 
the parameters a and ê could be taken as 
constant in time and determined by the 
length of life ( L), of retirement (M ), and the 
rate of growth (MB-A, p. 135). For the 
standard assumption L = 50, M=10 and p 
=.03, ê comes to .07 (see MB-A, p. 180). 
Furthermore, the parameters could be well 
approximated by the same constant even if 
income moved around the trend line, as long 
as the departures were not very long lasting 
and deep, except that YL should be interpre- 
ted as long-run expected rather than current 
income. The short-run equation (3) is, of 
course, consistent with the long-run proper- 
ties 1 to 6, as one can readily verify. 


3. Empirical Verifications. None of these 
long- and short-run implications of the basic 
model could be explicitly tested at the time 
they were established. There were no data on 
Private Net Worth to test equation (3), ex- 
cept for some indirect estimates pieced to- 
gether by W. Hamburger (1951) and some 
preliminary Goldsmith figures for a few 
selected years. Similarly, information on 
Private National Saving were available only 
for a couple of countries. We could only take 
encouragement from the fact that the model 
seemed to fit the single observation available, 
namely the United States. Both the wealth- 
income ratio, 4 to 5, and the saving rate, S, 
“between 1/7 and 1/8” (Goldsmith) were 
broadly consistent with the prediction of the 
model, for a 3 percent growth rate, namely 
4-1/3 for w and 13 percent for s. 

But the availability of data improved 


‘dramatically in the next decade. For the 


United States an annual time-series of Private 
Wealth was put together in the early 1960's 
(Ando et al., 1963), and equation (3) was 
tested (my article with Ando, 1963). It was 
found to fit the data quite well, and with 
parameter estimates close to those predicted 
by the model. By now the consumption func- 
tion (3) has become pretty much standard, 
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having been estimated for many countries 
and periods. The coefficient of wealth is fre- 
quently lower than .07 quoted earlier but this 
can be accounted for, at least in part, by the 
fact that Y is typically defined as total rather 
than just labor income. 

Similarly, by the early 1960’s, the United 
Nations had put together National Account 
statistics for a substantial number of coun- 
tries, characterized by wide differences in the 
growth rate, and it became possible to test 
the relation between the national saving ratio 
and the growth rate. The early tests were 
again quite successful (Hendrik Houthakker, 
1961 and 1965; Nathaniel Leff, 1969; and 
myself, 1970). The newly available data also 
revealed the puzzling and shocking fact that 
the saving ratio for the United States, by far 
the richest country in the world, was rather 
low compared with other industrial countries 
(see, for example, Figure 2). The LCH could 
account for the puzzle through a relatively 
modest growth rate. By now it is generally 
accepted that growth is a major source of 
cross-country differences in the saving rate. 


C. The Effect of Dropping the 
Simplifying Assumptions 


As was demonstrated in MB-A, most of 
the simplifying assumptions can be replaced 
by more “realistic” ones without changing 
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the basic nature of the results, and, in par- 
ticular, the validity of Propositions 1 to 5. 


1. Nonzero Interest. Allowing for a nonzero 
interest rate, r, has two effects. One effect is 
on income as we must distinguish between 
labor income, say YL, property income, YP, 
whose “permanent component” may be ap- 
proximated by rW, and total income, Y= 
YL+YP=YL+rwW. If we continue to as- 
sume a constant labor income till retirement, 
then the graph of income in Figure 1 is 
unchanged. However, the graph of consump- 
tion changes through an income and sub- 
stitution effect: the addition of rW increases 
income, but at the same time r also affects 
the opportunity cost of current, in terms of 
future consumption. It is possible that the 
consumer would still choose a constant rate 
of consumption over life (if the elasticity of 
substitution were zero). In this case, in Fig-. 
ure 1, consumption will still be a horizontal 
straight line, but at a higher level because of 
the favorable “income effect” from rW. As 
for saving, it will be the difference between C 
and Y. The latter differs from the (piecewise) 
horizontal YZ in the figure by rW, which is 
proportional to W. As a result, the path of 
W will depart somewhat from the “triangle” 
of Figure 1, and, in particular, the overall 
area under the path can be shown to decline 
with r. This means that W and, a fortiori, 
w= W/Y, will fall with r. 

This result has interesting implications for 
the much debated issue of the effect of inter- 
est rates on saving. Turning back to equation 
(2), we see that: (7) in the absence of growth, 
a change in r has no effect on saving (which 
remains zero), and (ii) for any positive rate 
of growth, a higher interest rate means a 
lower saving rate. However, this conclusion 
depends on the special assumption of zero 
substitution. With positive substitution, 
consumption will start lower and -will rise 
exponentially: this “postponement” of con- 
sumption, in turn, lifts saving and peak assets. 
If the substitution effect is strong enough, w 
will rise and so will s, as long as p is 
positive. 

This same conclusion can be derived from 
(3) and the definition of Y. These can be 
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shown to imply 
(4) W/Y=(1-a)/(p+6—ar). 


Numerical calculations in MB-A suggest 
that æ is not much affected by r, but 6 is. In 
my 1975 paper, I hypothesized that the effect 
of r on 6 might be expressed as 8 = 6* + pr 
when p is unity for 0 substitution, and de- 
clines with substitution (possibly to a nega- 
tive value). Substituting for 6 in (4), one can 
see that, when the interest rate rises, saving 
may fall or rise depending on whether p is 
larger or smaller than a. 

Which of these inequalities actually holds 
is an empirical matter. Unfortunately, de- 
spite a hot debate, no convincing general 
evidence either way has been produced, which 
leads me to the provisional view that s is 
largely independent of the interest rate. It 

_ Should be noted in this connection that, in- 
sofar as saving is done through pension 
schemes aimed at providing a retirement in- 
come, the effect of r on s is likely to be zero 
(or even positive) in the short run but nega- 
tive in the long run. 


2. Allowing for the Life Cycle of Earning and 
Family Size. Far from being constant, aver- 
age labor income typically exhibits a marked 
hump pattern which peaks somewhat past 
age 50, falls thereafter, partly because of the 
incidence of retirement, and does not go to 
zero at any age, though it falls sharply after 
65. However, consumption also varies with 
age, largely reflecting variations in family 
size, as one might expect if the consumer 
smooths consumption per equivalent adult 
(my paper with Ando, 1957). Now the life 
cycle of family size, at least in the United 
States, has a very humped shape rather simi- 
lar to that of income, though with a some- 
what earlier peak. As a result, one might 
expect, and generally finds, a fairly constant 
rate of saving in the central age group, but 
lower saving or even dissaving in the very 
young or old. Thus, as in Figure 1, the 
wealth of a given cohort tends to rise to a 
peak around age 60 to 65 (see, for example, 
Dorothy Projector, 1968; M. A. King and 
L.-D. L. Dicks-Mireaux, 1982; R. B. Avery 
et al., 1984; Ando and A. Kennickell, 1985; 
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and Peter Diamond and Jerry Hausman, 
1984). 

It is also worth noting that available evi- 
dence supports the LCH prediction that the 
amount of net worth accumulated up to any 
given age in relation to life resources is a 
decreasing function of the number of chil- 
dren, and that saving tends to fall with the 
number of children present in the household 
and to rise with the number of children no 
longer present (cf. Alan Blinder, Robert 
Gordon, and David Wise, 1983; and Ando 
and Kennickell). 


3. Length of Working and Retired Life. One 
can readily drop the assumption that the 
length of retired life is a given constant. As is 
apparent from Figure 1, a longer retirement 
shifts forward, and raises, the peak of wealth, 
increasing w and the saving rate. This does 
not affect the validity of Propositions 2 to 6, 
but could invalidate 1. It is possible, in fact, 
that, in an economy endowed with greater 
productivity (and, hence, greater per capita 
income), households might take advantage of 
this by choosing to work for fewer years. 
This, in turn, would result in a higher na- 
tional saving rate. Note, however, that this 
scenario need not follow. The increase in 
productivity raises the opportunity cost of an 
extra year of retirement in terms of con- 
sumables, providing an incentive to shorter 
retirement. Thus the saving rate could, in 
principle, be affected by per capita income, 
but through an unconventional life cycle 
mechanism, and, furthermore, in a direction 
unpredictable a priori. Empirical evidence 
suggests that the income effect tends to pre- 
dominate but is not strong enough to pro- 
duce a measurable effect on the saving rate 
(my paper with A. Sterling, 1983). 

Aside from income, any other variable that 
affects the length of retirement could, through 
this channel, affect saving One such vari- 
able, that has received! attention lately, is 
Social Security. Several studies have found 
that the availability of Social Security, and 
terms thereof, can encourage earlier retire- 
ment (Martin Feldstein, 1974, 1977; Alicia 
Munnell, 1974; Michael Boskin and Michael 
Hurd, 1978; myself and Sterling, 1983; and 
Diamond and Hausman). To this extent, So- 
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cial Security tends to encourage saving, 
though this effect may be offset, and even 
more than fully, by the fact that it also 
reduces the need for private accumulation to 
finance a given retirement. 


4. Liquidity Constraint. Imperfections in the 
credit markets as well as the uncertainty of 
future income prospects may, to some extent, 
prevent households from borrowing as much 
as would be required to carry out the uncon- 
strained optimum consumption plan. Such a 
constraint will have the general effect of 
postponing consumption and increase w as 
well as s. But, clearly, these are not essential 
modifications, at least with respect to the 
aggregate implications—on the contrary, 
they contribute to insure that productivity 
growth will increase the saving rate. How- 
ever, significant liquidity constraints could 
affect quantitatively certain specific conclu- 
sions, for example, with respect to temporary 
tax changes (see Section III, Part 1, below). 


5. Myopia. The LCH presupposes a substan- . 


tial degree of rationality and self-control to 
make preparations for retired consumption 
needs. It has been suggested—most recently 
by H. M. Shefrin and Richard Thaler (1985) 
—-that households, even if concerned in 
principle with consumption smoothing, may 
be too myopic to make adequate reserves. To 
the extent that this criticism is valid, it should 
affect the wealth-income ratio in the direc- 
tion opposite to the liquidity constraint, 
though the effect of transitory changes in 
income from any source would go in the 
same direction. However, such myopia is not 
supported empirically. The assets held at the 
peak of the life cycle are found to represent a 
substantial multiple of average income (in 
the order of 5, at least for the United States) 
and an even larger multiple of permanent 
income which, in a growing economy, is less 
than current income. Such a multiple ap- 
pears broadly consistent with the mainte- 
nance of consumption after retirement. This 
inference is confirmed by recent studies which 
have found very little evidence of myopic 
saving behavior. In particular, both Laurence 
Kotlikoff et al. (1982) and Blinder et al. 
(especially Figure 4.1), working with data on 
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households close to retirement, find that for 
most families the resources available to pro- 
vide for retired consumption appear to be 
quite adequate to support retired consump- 
tion at a rate consistent with life resources. 


D. The Role of Bequests and 
the Bequest Motive 


Obviously bequests exist in market econo- 
mies (and not only in market economies). 
How does their presence affect the relevance 
and usefulness of the model, and, in particu- 
lar, the validity of Propositions 1 to 5? In 
attacking this problem, one must distinguish 
the issue of principle from the empirical one 
of how important a role bequests may play 
in the accumulation of wealth. 


1. How Important are Bequests in the Accu- 
mulation of Wealth? This is an interesting 
question. The traditional approach took it 
for granted that bequests are a major source 
of the existing wealth, while the LCH sug- 
gested that they might not contribute appre- 
ciably. 

I recently (1985) reviewed a substantial 
body of information on inherited wealth 
based on direct surveys of households and 
on various sources of estimates on the flow 
of bequests. This review yields a fairly con- 
sistent picture suggesting that the proportion 
of existing wealth that has been inherited is 
around 20 percent, with a margin of some- 
thing like 5 percentage points. 

This conclusion is at odds with that pre- 
sented in a provocative paper of Kotlikoff 
and Lawrence Summers (1981, hereafter 
K-S). They endeavor to estimate the share of 
bequests by two alternative methods: 1) from 
an estimated flow of bequests, as above, and 
2) by subtracting from an independent 
estimate of private wealth in a given year, 
their own estimate of the amount of life cycle 
wealth, accumulated by every cohort present 
in that year. Using the first method, K-S 
reach an estimate of inherited wealth of over 
one-half, while using the second—which they 
regard as more reliable—their estimate rises 
even higher, to above four-fifths..In the 1985 
paper, I have shown that the difference be- 
tween my estimate and their much higher 
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ones can be traced (i) to some explicit errors 
of theirs, for example, their treatment of the 
purchase of durable goods, and (ii) to un- 
conventional definitions, both of inherited 
wealth of life cycle saving. I have shown that 
when one corrects the error and uses the 
accepted definitions, one of the K-S mea- 
sures—that based on bequest flows—coin- 
cides very closely with all other estimates. 
Their alternative measure remains somewhat 
higher, but I show it is subject to an appre- 
ciable upward bias which could easily ac- 
count for the difference. 

Kotlikoff and Summers have suggested an 
alternative operational criterion of “impor- 
tance” which should be independent of def- 
initional differences, namely: by what per- 
centage would aggregate wealth decline if the 
flow of bequests declined by 1 percent? The 
suggestion is sound but is very hard to im- 
plement from available observations. None- 
theless, it would appear this effect, measured 
in terms of its impact through inherited 
wealth, can be taken as approximately equal 
to the observed share of bequeathed wealth, 
when wealth is measured according to the 
conventional definition. Thus, with either 
measure, bequeathed wealth can be put.at 
less than 25 percent. 

The only other country for which the rele- 
vant information is available seems to be the 
United ‘Kingdom (see Royal Commission, 
1977). The estimated share of inherited 
wealth is, again, close to 20 percent. 


2. The Behavior of Saving and the Wealth of 
the Aged. A quite different ground for ques- 
tioning whether the accumulation of wealth, 
can be better accounted for by a life cycle 
parable than by a bequest motive is to be 
found in the behavior of saving and assets of 
elderly households, especially after. retire- 
ment. The basic LCH implies that, with re- 
tirement, saving should become negative, and 
thus assets decline at a fairly constant rate, 
reaching zero at death. The empirical evi- 
dence seems to reveal a very different pic- 
ture: dissaving in old age appears to be at 
best modest (for example, see J. Fisher, 1950; 
Harold Lydall, 1955; T. W. Mirer, 1979, and 
Ando and Kennickell). According to Mirer, 
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the wealth-income ratio actually continues to 
rise in retirement. (Note, however, that his 
estimate is biased as a result of including 
education in his regression. Given the steady 
historical rise in educational levels, there will 


_ be a strong association between age, educa- 


tional attainment, and socioeconomic status 
relative to one’s cohort if one holds constant 
the absolute level of education. Thus, his 
results could merely refiect the association 
between bequests, wealth, and relative in- 
come discussed below.) Most other recent 
analysts have found that the wealth of a 
given cohort tends to decline after reaching 
its peak in the 60-65 age range (A. F. Shor- 
rocks 1975; King and Dicks-Mireaux; 
Diamond and Hausman; Avery et al.; Ando, 


1985; Hurd, 1986), though there are excep- 


tions—for example, Paul Menchik and 
Martin David (1983) discussed below. To be 
sure, the results depend on the concept of 
saving and wealth used. If one makes proper 
allowance for participation in pension funds, 
then the dissaving (or the decline in wealth) 
of the old tends to be more apparent, and it 
becomes quite pronounced if one includes an 
estimate of Social Security benefits. But, when 


‘the saving and wealth measures include only 


cash saving and marketable wealth, the dis- 
saving and the decline appears weaker or 
even absent. Also, those studies which pro- 
vide median as well as mean values (for 


‘example, Ando, 1985), suggest that the pic- 


ture of a steady decline in wealth is clearer 
for the median than for the mean which has 
a more erratic behavior, reflecting the ex- 
treme variability of the data. 

There are several considerations that can 
account, at least partly, for the above finding 
within an LCH framework. In particular, the 
survey data may give an upward biased pic- 
ture of the true behavior of wealth during 
old age.for two reasons. First, as Shorrocks 
has argued, one serious bias arises from 
the well-known positive association between 
longevity and (relative) income. This means 
that the average wealth of successively older 
age classes is the wealth of households with 
higher and higher life resources, hence the 
age profile of wealth is upward biased. Sec- 
ond, in a similar vein, Ando and Kennickell 
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have found evidence that aged households 
which are poor tend to double up with 
younger households and disappear from the 
sampled population so that the wealth of 
those remaining independent is again an up- 
ward biased estimate of average wealth. 


3. Bequests and Uncertainty of the. Length of 
Life. While it is difficult to assess the extent 
of these biases, the decumulation, at least of 
the marketable assets, would seem to be too 
slow to be explained by the basic LCH. A 
possible partial reconciliation is provided by 
giving explicit recognition to the existence of 
uncertainty about the length of life. Indeed, 
in view of the practical impossibility of hav- 
ing negative net worth, people tend to die 
with some wealth, unless they can manage to 
put all their retirement reserves into life an- 
nuities. However, it is a well-known fact that 
annuity contracts, other than in the form of 
group insurance through pension systems, 
are extremely rare. Why this should be so is 
a subject of considerable current interest. It 
is still ill-understood. “Adverse selection,” 
causing an unfavorable payout, and the fact 
that some utility may be derived from be- 
quests (Andre Masson, 1986)—see below— 
are, presumably, an important part of the 
answer. 

In the absence of annuities, the wealth left 
behind will refiect risk aversion and the cost 
of running out of wealth. This point has been 
elaborated in particular by J. B. Davies (1981) 
who has shown that, for plausible parameters 
of the utility function including a low inter- 
temporal elasticity of substitution, the extent 
to which uncertainty of life depresses the 
propensity to consume increases with age. As 
a result, “uncertain life time could provide 
the major element in a complete explanation 
of the slow decumulation of the retired” 
(relative to what would be implied by a 
standard LCH model). This conclusion is 
reinforced by allowing for the uncertainty of 
major medical expenses. Note also that the 
wealth bequeathed as a result of a precau- 
tionary motive, related to uncertainty of 
death, must ténd, on the average, to be pro- 
portional .to life resources. Hence, it can be 
readily incorporated into the basic model 
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and the result labelled LCH cum precaution- 
ary bequests. 

These considerations may go part way to- 
ward explaining the slow decumulation. Still, 
this phenomenon may also reflect, in part, 
the working of an explicit bequest motive 
and life planning for it. We may, therefore, 
ask whether there is any intrinsic incon- 
sistency between a significant amount of be- 
quests induced by a bequest motive and the 
LCH view of the world, in particular, impli- 
cations 1 to 5. 


4. Bequest Motive in the LCH. First, it is 
obvious that no inconsistency arises if 
planned bequests are, on average, propor- 
tional to life resources. However, this possi- 
bility is uninteresting. The most casual ob- 
servation suggests that the planning and 
leaving of bequests is concentrated in the 
upper strata of the distribution of life re- 
sources, by which we now mean the sum of 
(discounted) lifetime labor income and be- 
quests received. This observation suggests the 
following hypothesis, first proposed in MB-A 
(pp. 173-74): 


HYPOTHESIS I: The share of its resources 
that a household earmarks, on the average, 
for bequests is a (nondecreasing) stable func- 
tion of the size of its life resources relative to 
the average level of resources of its age cohort. 


We might expect the share to be close to 
zero until we reach the top percentiles of the 
distribution of resources, and then to rise 
rapidly with income. 

One can readily demonstrate (cf. my 1975 
article) that this assumption assures that 
Propositions 1 to 5 will continue to hold, at 
least as long as: 


HYPOTHESIS Il: The frequency distribution 
of the ratio of life resources to mean life 
resources for each age group is also stable in 
time. 


Indeed, under these conditions, if income 
is constant, wealth will also tend to be con- 
stant and, therefore, saving to be zero, even 
in the presence of bequests. To see this, note 
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first that Hypothesis I insures that bequests 
left (BL) are a fraction, say y, of life re- 
sources, 7, BL=y(Y+ BR), where BR is 
bequests received. Hypothesis Hf in turn in- 
sures that y is constant in time (and pre- 
sumably less than one). Next, note that life 
savings, LS, is given by 


(5) LS=BL—BR=y¥—(1—y)BR. 


Thus, LS increases with Y and decreases 


with BR, and is zero if BR=[y/(1— y)]Y- 


But this last condition must hold in long-run 
equilibrium since, if BR is smaller, then there 
will be positive saving which will increase 
BR, and reduce LS toward zero; and vice 
versa if BR is larger. 

This generalization of the basic model has 
a number of implications, a few of which 
may be noted here. 

(i) The age patterns of Figure 1 for a 
stationary society are modified, as bequests 
raise the average wealth path by a constant, 
equal to BR, beginning at the age at which 
bequests are received. The new path remains 
parallel to the old so that at death it has 
height BL = BR. 

(ii) If labor income is growing at some 
constant rate, then average BR will tend to 
grow at this same.rate and so will BL, but 
BL will exceed BR by a factor e°?, where T 
is the average age gap between donor and 
recipient. Thus, with positive growth, and 
then only, the existence of bequests involves 
life saving, on top of hump saving. In other 
words, bequests result in a higher wealth- 
income ratio, depending on y, and a higher 
saving ratio, to an extent that is proportional 
to p. 

(iii) The share of life resources left as 
bequests could be an increasing function of 
the household’s resources relative to the re- 
sources of his cohort. This, in turn, implies 
that at any age, the saving-income and 
wealth-income ratio for individual families 
could be an increasing function of relative 
(not absolute) income. 

This last proposition, which is clearly in- 
consistent with PIH, is supported by a good 
deal of empirical evidence, beginning with 
Brady and Friedman. As for the first part of 
(iii), and the underlying Hypothesis I, it 
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receives strong support from a recent test by 
Menchik and David. In this imaginative con- 
tribution, the authors have assembled, from 
probate records, a large body of data on 
individual bequests which they have matched 
with income data from tax returns. Their 
sample covers persons born since 1880 (in- 
cluding a few before) and deceased between 
1947 and 1978. They find striking evidence 
that (a) bequests depend on the position of 
the household’s life resources in the distri- 
bution of life resources of its cohort, (b) that 
they are small for people whose estimated 
life resources fall below the 80th percentile in 
that distribution but that, (c) beyond the 
80th percentile, they rise rapidly with (per- 
manent) income. 


5. The Individual Bequests and the Share of 
Bequeathed Wealth— A Reconciliation. There 
remains one serious puzzle. If something like 
two-thirds of peak wealth is passed on at 
death, be this “unintentional” transmission 
through precautionary saving or the con- 
scious result of a desire to bequeath, how can 
the share of wealth received by bequests 
amount to less than 25 percent of the total? 

Recent contributions of Kennickell (1984) 
and Ando and Kennickell have pointed the 
way to a satisfactory resolution, by demon- 
strating that, in the presence of significant 
growth, the share of wealth inherited is not a 
satisfactory indication of the importance of 
bequests. To understand their argument, 
suppose, conveniently, that all wealth ever 
accumulated is passed on at death, there 
being therefore no life cycle (hump) saving. 
If the economy is stationary, and thus saving 
is zero, it will be true that all wealth is due to 
the bequest motive. It will also be true that 
all existing wealth is inherited so that, in this 
case, the share of bequeathed wealth will 
provide a valid measure of the importance of 
bequests. But suppose there is growth. Then 


_ there is also saving and, therefore, a portion 


of the existing wealth will be held by those 
who are accumulating it on its way to be 
bequeathed. And that portion rises rapidly 
with growth: for example, at 3 percent 
growth, bequests left are, on the average, 
some 2-1/2 times larger than those received, 
and, correspondingly, the share of wealth 
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received by bequests falls to just below 40 
percent (Kennickell), even though all wealth 
would again disappear in the absence of the 
bequest motive. 

The empirical relevance of this conclusion 
has been confirmed by an interesting calcula- 
tion carried out by Ando and Kennickell 
(A-K). Starting from estimates of national 
saving and allocating them by age, using the 
saving-age relation derived from a well- 
known budget study (the Bureau of La- 
bor Statistics’ Consumer Expenditure Sur- 
vey, 1972-73), they are able to estimate the 
aggregate amount of’ wealth accumulated 
through life saving by each cohort living in a 
given year. They then compare this with 
aggregate wealth to obtain an estimate of the 
shares of wealth that are, respectively, self- 
accumulated and inherited. 

Even though the age pattern of saving they 
use involves relatively little dissaving in old 
age, their estimate of the share of inherited 
wealth turns out to be rather small. For the 
years after 1974, it is around 25 percent, 
which agrees well with, and thus supports, 
the findings of my 1985 paper. For the years 
1960 to 1973, the share they compute is 
somewhat larger, fluctuating between 30 and 
40 percent. But this higher figure may at 
least partly reflect an upward bias in the A-K 
estimate of inherited wealth. The bias arises 
from the fact that the change in overall 
real wealth includes capital gains, while 
the change in the self-accumulated portion 
largely excludes them. In the period before 
1974, capital gains were unquestionably sig- 
nificantly positive, and hence self-accumula- 
tion is underestimated and the share of be- 
quests overestimated. In the years from 1973 
to 1980, depressed conditions in the stock 
market reduce the significance of this effect, 
though this is partially offset by the boom in 
real estate values. 


E. A Summing Up 


We have found that the basic version of 
the LCH has proved quite helpful in under- 
standing and predicting many aspects of 
individual and aggregate saving and wealth- 
holding behavior. However, two of the as- 
sumptions embodied in the stripped down 
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version—a deterministic length of life and 
the absence of a bequest motive appear, in 
the light of presently available information, 
to be conspicously counterfactual. There is 
substantial evidence that wealth declines 
slowly in old age—even after correcting for 
various sources of bias—implying that 
households, on the average, leave substantial 
bequests relative to peak wealth. 

This evidence can be readily accommo- 
dated within the generalized LCH frame- 
work. That portion of bequests that arises 
from the precautionary motive can be han- 
dled by a straightforward relaxation of the 
assumptions to allow for a stochastic length 
of life and risk-averse behavior. The holding 
of wealth arising from this mechanism can 
be rightfully regarded as life cycle wealth 
since it reflects the optimum allocation of 
resources to consumption over life. Further- 
more, the expected size of bequests relative 
to life resources should be largely indepen- 
dent of resources. The remaining bequests 
arising from a genuine bequest motive can 
also be accommodated within the generalized 
LCH provided that motive satisfies Hy- 
pothesis I above—and the limited evidence 
available appears to support this assumption. 

The generalized LCH still implies the basic 
Propositions 1 to 5. On the other hand, 
Proposition 6 must be released: the general- 
ization of the basic model points to a num- 
ber of variables that could affect wealth and 
saving. These include demographic char- 
acteristics like the dependency ratio, the rate 
of return on wealth, household access to 
credit, and the strength of the bequest mo- 
tive. Another potentially important variable 
is Social Security, though its systematic effect 
on saving has so far proven elusive, a failure 
not convincingly accounted for by its having 
two offsetting effects on private saving (cf. 
Section II, Part C, subsection 3, above). 

Allowing for a significant bequest motive 
raises the issue of its importance. How large 
a portion of wealth can be traced to this 
motive, as against true life cycle saving (i.e., 
hump plus precautionary)? Unfortunately, it 
seems impossible at present to give a well- 
founded answer to the question. We know 
that the share of wealth received through 
inheritance can be placed at 1/5 to 1/4 for 
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the United States (and presumably the 
United Kingdom), but this information is of 
little help. On the one hand, we know that in 
a growing economy, if all the inheritance 
resulted from the bequest motives, the share 
would tend to underestimate its “impor- 
tance.” On the other hand, the observed 
share is upward biased to the extent that it 
reflects not just the bequest motive, but also 
that portion of bequests which arise from the 
precautionary motive. We do not know how 
total bequests are split between the two. 
There is evidence suggesting that the bequest 
motive is not very important. Thus, in a 1962 
survey (Projector and G. Weiss, 1964), only 3 
percent of the respondents gave as a reason 
for saving, “To provide an estate for the 
family.” However, the proportion rises with 
wealth, reaching 1/3 for the top class (1/2 
million 1963 dollars and over). Similar, 
though somewhat less extreme, results are 
reported in a Brookings study (R. Barlow 
et al., 1966). Thus, the bequest motive seems 
to be limited to the highest economic classes. 
This hypothesis is supported by the finding 
of Menchik and David that for (and only 
for) the top 20 percent, bequests rise pro- 
portionately faster than total resources, some- 
thing which presumably cannot be explained 
by the precautionary motive. Furthermore, it 
is consistent, incidentally, with the observa- 
tion that the decline in wealth with age tends 
to be more pronounced and systematic in 
terms of the median than of the mean. But, 
then the top fifth of the income distribution 
can be expected to account for substantially 
more than 1/5 of all bequests. Thus, there is, 
at present, no basis for estimating, or even 
placing bounds on, the importance of the 
bequest motive. My hunch, based on pre- 
liminary analysis, is that hump plus precau- 
tionary wealth is likely to account for well 
over half—but this is only conjecture, to be 
probed by future research. 


HI. Policy Implications 


Limitations of space make it impossible to 
pursue a systematic analysis of policy issues 
for which the LCH has implications that are 
significantly different from those derivable 
by the standard Keynesian consumption 
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function or refinements thereof. I will, how- 
ever, list some of the major areas of applica- 
tions with a brief statement of the LCH 
implications: 


1. SHORT-RUN STABILIZATION POLICY 


(i) The Monetary Mechanism: The fact 
that wealth enters importantly in the short- 
run consumption function means that mone- 
tary policy can affect aggregate demand not 
only through the traditional channel of in- 
vestment but also through the market value 
of assets and consumption. (See my 1971 
article.) 

(ii) Transitory Income Taxes: Attempts 
at restraining (or stimulating) demand 
through transitory income taxes (or rebates) 
can be expected to have small effects on 
consumption and to lower (raise) saving be- 
cause consumption depends on a life re- 
sources which are little affected by a transi- 
tory tax change (empirically supported). (See 
the literature cited in my paper with Charles 
Steindel, 1977, and my paper with Sterling, 
1986.) 


2. LONG-RUN PROPOSITIONS 


(i) Consumption Taxes: A progressive 
tax on consumption is more equitable than 
one on current income because it more nearly 
taxes permanent income (quite apart from its 
incentive effects on saving.) 

(ii) Short and Long-Run Effects of Def- 
icit Financing: Expenditures financed by def- 
icit tends to be paid by future generations; 
those financed by taxes are paid by the cur- 
rent generation. The conclusion rests on the 
proposition that private saving, being con- 
trolled by life cycle considerations, should be 
(nearly) independent of the government 
budget stance (myself and Sterling), and 
therefore private wealth should be indepen- 
dent of the national debt (my 1984 paper). It 
follows that the national debt tends to crowd 
out an equal amount of private capital at a 
social cost equal to the return on the lost 
capital (which is also approximately equal to 
the government interest bill). 

This conclusion stands in sharp contrast to 
that advocated by the so-called Ricardian 
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Equivalence Proposition (Robert Barro, 
1974) which holds that whenever the govern- 
ment runs a deficit, the private sector will 
save more in order to offset the unfavorable 
effect of the deficit on future generations. 

- Of course, to the extent that the govern- 
ment deficit is used to finance productive 
investments, then future generations also re- 
ceive the benefit of the expenditure, and 
letting them pay for it through deficit financ- 
ing may be consistent with intergenerational 
equity. 

In an open economy, the investment 
crowding-out effect may be attenuated 
through the inflow of foreign capital, at- 
tracted by the higher interest that results 
from the smaller availability of investable 
funds. However, the burden on future gener- 
ations is roughly unchanged because of the 
interest to be paid on the foreign debt. 

Finally, if there is slack in the economy, 
debt-financed government expenditures may 
not crowd out investment, at least if accom- 
panied by an accommodating monetary 
policy, but may, instead, raise income and 
saving. In this case, the deficit is beneficial, 
as was held by the early Keynesians; how- 
ever, the debt will have a crowding-out effect 
once the economy returns to full employ- 
ment. LCH suggests that to avoid this out- 
come, a good case can be made for a so-called 
cyclically balanced budget. 
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Is the Stabilization of the Postwar Economy 
-a Figment of the Data? 


By CHRISTINA D. ROMER* 


One of the most recurrent empirical gener- 
alizations about the U.S. economy is that the 
prewar economy was substantially more 
volatile than the postwar economy. It is 
widely accepted that the business cycle be- 
fore World War II (or before World War I 
for that matter) was decidedly more severe 
than the cycle after 1947. The source of this 
belief is simply every conventional indicator 
of macroeconomic performance; industrial 
production, unemployment, and Gross Na- 
tional Product all show larger cyclical fluc- 
tuations in the late 1800’s and early 1900’s 
than after World War II. 

This paper challenges part of the stylized 
fact that the prewar economy was substan- 
tially more volatile than the postwar econ- 
omy. It provides an examination of the con- 
ventional industrial production series for the 
pre-World War I and post-World War II 
periods and shows that the apparent stabili- 
zation of this series is actually a figment of 
the data. I find that the methods used to 
construct the historical series exaggerate 
cyclical fluctuations in industrial production. 
When this exaggeration is taken into account, 
there is very little stabilization between the 
pre-1914 and the post-1947 eras. 

By itself, this study of the historical 
industrial production data challenges some 
of the existing empirical studies of the sta- 
bilization of the postwar economy. For 
example, a recent paper by J. Bradford De- 
Long and Lawrence Summers (1984) uses the 
conventional industrial production series and 
real Gross National Product series to argue 
that cycles have become much less severe 
over time. By showing that the industrial 
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production series has not stabilized over time, 
the present study undermines part of the 
empirical regularity DeLong and Summers 
seek to explain. 

This study of the historical industrial pro- 
duction data is also part of a larger project. 
In two other papers (1985 and 1986), I ex- 
amine the historical unemployment and 
Gross National Product data. These two 
studies yield results very similar to those for 
industrial production. In all three cases there 
exist fundamental inconsistencies between 
the historical and modern series that account 
for much of the damping of cyclical fluctua- 
tions between the prewar and postwar eras. 

In conjunction with these other studies of 
historical macroeconomic data, this study of 
the prewar industrial production series chal- 
lenges another strain of the stabilization 
literature. To many, what is most striking 
about the twentieth-century business cycle is 
not that particular indicators have stabilized, 
but rather that nearly all macroeconomic 
series show less severe fluctuations in the 
postwar era (see, for example, Arthur Burns, 
1960, and Robert Lucas, 1977). The fact that 
the present study finds that the historical 
industrial production data are excessively 
volatile in the same way that the historical 
unemployment and GNP data are refutes 
this finding. Errors in the three series rather 
than genuine economic changes account for 
the apparent stabilization of these key mac- 
roeconomic series. 


Historical Industrial Production Data. The 
historical industrial production series that 
I examine in this paper is that constructed 
by Edwin Frickey in his book Production 
in the United States, 1860-1914. Frickey’s 
index is one of the least recognized but most 
often used macroeconomic series. Frickey’s 
index is traditionally paired with the Federal 
Reserve Board (FRB) index of industrial 
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production in manufacturing which begins in 
1919 to form a series on manufacturing pro- 
duction going back to 1860 (see, for example, 
Historical Statistics of the United States, 
1975). Frickey’s index is also often combined 
with other historical series on mining and 
utilities production to form a historical ex- 
tension of the total FRB index of industrial 
production (see, for example, G. Warren 
Nutter, 1962). In addition to being the key 
historical industrial production series, Frick- 
ey’s index is also the basis for other conven- 
tional output series. For example, John 
Kendrick’s (1961) historical estimates of to- 
tal output in manufacturing are formed by 
using Frickey’s series to interpolate between 
census-year benchmarks. Thus, all annual 
movements in this important output series 
are derived directly from Frickey’s industrial 
production series. 

Frickey’s index is also important because 
it uses essentially the same methodology and 
includes many of the same commodities as 
do several other prewar indexes of industrial 
production. (See, for example, Frederick 
Mills, 1932, Warren Persons, 1931, and 
Walter Stewart, 1921.) As a result, Frickey’s 
index is representative of a class of output 
measures. Hence, any errors found in the 
Frickey index will almost certainly be pres- 
ent in these other series. 

Because of its widespread use, Frickey’s 
index has affected many of our views about 
the U.S. economy before World War I. When 
compared to the modern FRB index of in- 
dustrial production, Frickey’s index is sub- 
stantially more volatile. For example, the 
average peak-to-trough change in Frickey’s 
index for 1866-1914 is 26 percent greater 
than that of the modern FRB index of in- 
dustrial production in manufacturing for 
1947-82. Thus, the large cyclical swings in 
Frickey’s industrial production series have 
helped generate the belief that the prewar 
economy was much less stable than the econ- 
omy after 1947. 

Although Frickey’s series is often used as 
if it were the prewar extension of the FRB 
index of industrial production in manufac- 
turing, the prewar and postwar data are not 
consistent. Frickey’s index is based on a 
much smaller sample of commodities than is 
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the modern FRB manufacturing index. Fur- 
thermore, the types of goods included in 
Frickey’s index are qualitatively different 
from those included in the FRB index. 
Whereas the FRB manufacturing index in- 
cludes data on both materials and finished 
goods, Frickey’s index is based almost en- 
tirely on materials and very basic manufac- 
tured commodities. 


Overview. To see if these differences between 
the prewar and postwar industrial produc- 
tion data can explain the apparent stabili- 
zation of the postwar economy, one must 
separate true economic changes from the tre- 
mendous improvements in data collection 
procedures. To do this, I construct an exact 
replication of Frickey’s prewar index for the 
post-1947 period. Replicating Frickey’s pro- 
cedures for the modern period yields an in- 
dustrial production series that is consistent 
over time. The pre-1914 and the post—1947 
series can be compared to see what, if any, 
changes have occurred in the economy. Fur- 
thermore, the modern Frickey replication can 
be contrasted with the modern FRB manu- 
facturing index to show the effects of changes 
in data collection and transformation tech- - 
niques. 

In addition to examining the behavior of 
an exact postwar replication of Frickey’s 
series, I also consider an updated replication 
of Frickey’s series. The FRB index of materi- 
als production provides a modern index that 
is qualitatively similar to Frickey’s series, but 
is less anachronistic than the exact rep- 
lication. The FRB materials index can again 
be compared to the prewar Frickey index to 
see if consistent industrial production data 
show any stabilization between the prewar 
and postwar eras. Analysis of the FRB 
materials index can also be used to suggest 
the source of errors in the postwar exact 
replication of Frickey’s index. 

Once the source of the errors in the post- 
war replications of Frickey’s index. has been 
identified, it is then possible to see if the 
same source of errors exists in the prewar 
era. To preview, I find that the characteris- 
tics of the economy that cause Frickey’s 
methods to exaggerate cyclical movements in 
the postwar era have not changed over time. 
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Thus, it is likely that Frickey’s prewar index 
is excessively volatile. 

The various steps in this analysis of the 
historical industrial production series are 
organized as follows. Section I describes 
Frickey’s index and discusses the creation of 
a consistent postwar series. Section II pre- 
sents a detailed comparison of the pre-1914 
Frickey series and both the exact postwar 
replication of Frickey’s series and the post- 
war FRB materials index. Similar business 
cycle analytics are used to compare these 
series to the postwar FRB index of industrial 
production in manufacturing. Section II ex- 
amines why the historical methods yield a 
postwar series that is excessively volatile. 
Section IV presents evidence that the histori- 
cal methods generate similar errors in the 
prewar era. Finally, Section V compares the 
results of this study of the industrial produc- 
tion data to those of my other studies of the 
unemployment and GNP data. It also dis- 
cusses the possible implications of the find- 
ings for the effectiveness of stabilization 
policy. 


I. Replicating Frickey’s Procedures for 
the Postwar Period 


The procedures Frickey uses to construct a 
prewar index of industrial production are 
very similar to those the Federal Reserve 
Board uses today. Both indexes are formed 
by combining data on the physical quantity 
of various manufactured goods. Both use 
value-added weights to combine numerous 
individual indexes of production into a single 
index of industrial output. Although there 
are minor differences in the classification of 
various products and in benchmarking pro- 
cedures, the only major difference between 
the two series is the number and range of 
commodities included in each index. The 
FRB manufacturing index includes over 200 
commodities; Frickey’s index includes 40 
commodities. 

The series included in Frickey’s index are 
not only fewer in number, but also qualita- 
tively different from those included in the 
modern FRB manufacturing index. The 
quantity data available for the turn of the 
century cover only very basic commodities. 
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Production figures exist primarily for materi- 
als and for goods early in the manufacturing 
process.! For example, there exist good data 
on pig iron production but no estimates of 
the production of tools and machinery. Simi- 
larly, there are figures on the amount of 
lumber produced but none on the produc- 
tion of flooring or other millwork products. 
Out of necessity, Frickey uses these available 
data on the production of materials to proxy 
for the output of more fabricated products. 

Whenever Frickey uses materials to proxy 
for output, he tries to convert this data on 
materials produced to an estimate of materi- 
als consumed. That is, he attempts to esti- 
mate the amount of materials that are actu- 
ally used in the domestic production of 
finished goods. In general, to estimate ma- 
terials consumed, Frickey only corrects the 
existing materials produced series for fluc- 
tuations in foreign trade. In most cases the 
size of these corrections are so small that the 
production and consumption series are nearly 
indistinguishable. 

To analyze possible errors in Frickey’s 
prewar index, I examine two postwar repli- 
cations of Frickey’s series. The first is an 
exact replication of Frickey’s methods. I form 
a postwar series using methods and a sample 
of commodities that are identical to those 
Frickey uses. The resulting series is con- 
sistent with the prewar Frickey index in the 
naive sense that the two series are formed in 
exactly the same way. 

The second postwar extension that I con- 
sider is an updated replication of Frickey’s 
methods. This replication tries to preserve 
the essential elements of Frickey’s methods 
while taking into account the many changes 
that have occurred in the economy. This 
replication seeks to hold constant the re- 
lationship between the index and the under- 
lying economy. That is, this updated repli- 
cation is designed to preserve the limitations 
of Frickey’s original index, but to remove the 
additional errors that result from replicating 


1There are also data on goods that were taxed; 
specifically alcoholic beverages and tobacco products. 
While Frickey does include these data in his index of 
industrial production, these series receive very little 
weight in the total index. 
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exactly Frickey’s prewar methods and sam- 
ple of commodities for the larger, more ad- 
vanced postwar economy. 


A. Exact Replication 


Forming an exact postwar replication of 
Frickey’s index is fairly straightforward. The 
40 commodities that Frickey includes in his 
index represent most of the important, high- 
growth materials of the prewar era. Among 
the series included in Frickey’s index are 
wheat flour produced, lumber produced, pig 
iron consumed, and petroleum produced. 
Data on nearly all the goods represented in 
Frickey’s index are still collected today. Most 
of the modern series can be found in either 
Historical Statistics of the United States or 
Business Statistics, the biennial supplement 
to the Survey of Current Business. 

I follow Frickey very closely in combining 
the 40 modern series into an index of in- 
dustrial production. To combine the various 
commodity quantity series, Frickey first con- 
verts each series into an index based in 1899. 
These indexes are then combined by taking a 
weighted average of the individual indexes. 
For Frickey’s original index, these weights 
are based on the percent of total value-added 
that each commodity accounted for in 1899. 
To replicate Frickey’s procedures, I choose 
1967 as the base year. The weights are de- 
rived from data on value-added from the 
1967 Census of Manufactures. 

The actual derivation of the weights is 
complicated because the allocation of value- 
added to various commodities is done on the 
basis of all of the products for which the 
commodities are proxying. For example, 
paper consumed is weighted according to the 
entire value-added in the output of the print- 
ing and publishing industry. Similarly, pig 
iron consumed is allocated the value-added 
of all iron and steel “end products” except 
for the few for which output series exist. 
Fortunately, Frickey is detailed enough that 
it is possible to assign weights as he does. 

The results of applying Frickey’s proce- 
dures in the postwar era are shown in Table 
1. The table shows Frickey’s original index 
for 1866-1914 and my exact replication of 
his index for 1947-82. 
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B. Updated Replication 


In addition to the exact replication, it is 
also desirable to examine an updated exten- 
sion of Frickey’s index. The FRB index of 
industrial production of materials is a readily 
available example of such an updated repli- 
cation. The FRB materials index preserves 
the reliance on materials that is obvious in 
Frickey’s index, but greatly expands the sam- 
ple of materials included in the index. In 
addition to including most of the goods rep- 
resented in Frickey’s index, the FRB materi- 
als index also contains most manufactured 
materials such as plastics and synthetic 
rubber. Because the FRB materials index 
includes most of the important, high-growth 
materials, it measures the trend of industrial 
production in the postwar era more accu- 
rately than does the anachronistic exact 
Frickey replication. 

The FRB materials index is a good up- 
dated replication of Frickey’s index because 
it takes into account the changing degree of 
fabrication in the economy. The materials 
included in the FRB materials index are in 
general somewhat more fabricated than those 
in Frickey’s index. Goods such as engine 
parts and automobile windshields are clas- 
sified as materials in the FRB index. This 
upgrading of the commodities included in 
the materials index compensates for the in- 
creasing fabrication of finished goods in the 
United States. 

While the FRB materials index is a con- 
venient update of Frickey’s original index, it 
is in some sense too good an index. The FRB 
materials index includes a much larger sam- 
ple of goods and many more new commod- 
ities than does the prewar Frickey index. 
Thus, it is likely that the FRB materials 
index does not preserve all the limitations of 
Frickey’s prewar index.” 


2The only way in which the FRB materials index 
may be a slightly less accurate indicator of total produc- 
tion than is Frickey’s original index is that the FRB 
materials index makes no correction for foreign trade. 
However, the effect of this particular correction is very 
small because the volume of trade in the materials 
included in Frickey’s index is minimal. 
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Year 


1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
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TABLE 1— INDEX OF INDUSTRIAL PRODUCTION 


Frickey 
(1866-1914) 


Year 


1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1981 
1981 
1982 


Frickey 
Replication 
(1947-82) 


76.78 
78.36 
70.83 
82.19 
34.29 
78.03 
85.42 
74.92 
88.25 
86.47 
85.84 
74.22 
82.10 
83.80 
82.28 
86.01 
89.77 
97.40 
101.91 
104.48 
100.00 
104.47 
106.07 
102.01 
101.78 
107.02 
113.35 
106.72 
96.06 
105.25 
104.86 
110.21 
109.91 
96.86 
104.45 
82.27 


FRB 
Materials 
(1947-82) 


39.5 
41.2 
37.6 
45.0 
49.8 
50.5 
56.1 
51.8 
61.3 
62.8 
62.8 
56.5 
65.2 
66.1 
66.2 
72.1 
76.7 
82.9 
92.4 
100.7 
100.0 
106.5 
112.5 
109.2 
111.3 
122.3 
133.9 
132.4 
115.5 
131.7 
138.6 
148.3 
156.4 
147.6 
151.6 
133.7 
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I. Comparing the Pre-1914 and the 
Post-1947 Indexes of Industrial Production 


Having created two versions of a con- 
sistent industrial production series, it is pos- 
sible to see how much of the apparent sta- 
bilization of the postwar economy is due to 
improvements in the data. By comparing 
Frickey’s prewar index to either its exact or 
updated postwar replication, it is possible to 
see what the stylized facts about the econ- 
omy would have been in the absence of the 
Federal Reserve Board index of industrial 
production in manufacturing. It is also use- 
ful to contrast both the postwar extensions 
of Frickey’s index with the actual postwar 
FRB manufacturing index. This will help to 
identify the magnitude and the direction of 
the errors caused by using the historical 
methods to create postwar data. 

Given that the postwar series were created 
using Frickey’s methods, the only valid com- 
parisons are between the prewar Frickey data 
and the postwar series. Since the Frickey 
series only exists from 1866-1914,’ the peri- 
ods of comparison must be the pre-World 
War I era and the post-World War II era. 
These are, however, both appropriate and 
natural eras to consider. The years between 
the close of the Civil War and the beginning 
of World War I cover a period that is tradi- 
tionally thought to be very volatile. If there 
has indeed been a genuine damping of busi- 
ness cycle fluctuations over time, then the 
pre-1914 economy should certainly be more 
volatile than the economy after 1947 when 
consistent data are compared. Furthermore, 


the pre-1914 era is a period in which govern- © 


ment monetary and fiscal policy is generally 
considered to have been of reasonably little 
importance in comparison to the importance 
of these policies in the postwar era. Hence a 
comparison of the two periods can be con- 
sidered a comparison of the prepolicy and 
postpolicy eras. 


3Frickey actually forms data for 1860-65 as well. 
However, he suggests that the data before 1866 are of 
substantially lower quality than the data after 1866 


(p. 3). 
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A. Trends 


Figure 1 shows Frickey’s original series for 
1866-1914 and the exact postwar replication 
for 1947-82. It also shows the Federal Re- 
serve Board index of industrial production in 
manufacturing for 194782.4 

In Figure 1 the most noticeable difference 
between the various series is that the trend of 
the exact postwar replication of Frickey’s 
series is much flatter than the trend of either 
Frickey’s prewar series or the postwar FRB 
manufacturing index. The average growth 
rate of Frickey’s series for 1866-1914 is 4.6 
percent per year and that of the FRB manu- 
facturing index for 1947-82 is 3.6 percent. 
However, the exact Frickey replication for 
the postwar period shows almost no growth 
between 1947 and 1982. The average growth 
rate of this series is only 0.2 percent per year. 

This result is clearly due to the fact that 
the exact postwar replication is based on a 
very out-of-date sample of commodities. 
Though not shown in Figure 1, the updated 
Frickey replication (the FRB materials in- 
dex) shows roughly the same growth as the 


The FRB index of industrial production in manu- 
facturing comprises 87 percent of the total FRB in- 
dustrial production index. It excludes production in 
mining and utilities. 3 


320 THE AMERICAN ECONOMIC REVIEW JUNE 1986 


TABLE 2— MEASURES OF VOLATILITY 











Exact FRB FRB 
Frickey Replication Materials Manufacturing 

Measure (1866-1914) (1947-82) (1947-82) (1947-82) 
Mean Cyclical Amplitude 

of Detrended Series* .1398 1319 1342 1081 
Standard Deviation i 

of Growth Rates 0884 0862 0797 0643 
Standard Deviation 

of Deviations 

from Trend .0830 0762 0728 .0636 





a Trend industrial production is calculated as the fitted value of a regression of the log 
of industrial production on a constant and a quadratic trend. 


FRB manufacturing index. The average 
growth rate of the materials index for 
1947-82 is 3.5 percent per year. The large 
discrepancy between the trends of the two 
postwar Frickey replications shows that the 
accuracy with which the historical methods 
measure the level of industrial production 
depends crucially on whether one replicates 
the historical procedures exactly or modifies 
them to include modern goods. 


B. Volatility 


A second noticeable difference among the 
three series shown in Figure 1 is that the 
exact postwar replication of Frickey’s series 
is much more volatile than the FRB manu- 
facturing index. While the peaks and troughs 
of the two series are roughly coincident, the 
severity of cyclical swings is greater in the 
exact Frickey replication. This same pattern 
holds for the FRB materials index as well. It 
too is substantially more volatile than the 
postwar FRB manufacturing index. The 
greater cyclical volatility of both the con- 
sistent postwar extensions of Frickey’s index 
makes business cycle fluctuations of these 
series resemble those of the prewar Frickey 
index quite closely. 


1. Mean Cyclical Amplitude. The dif- 
ferences in volatility between all four series 


can be described and quantified in a variety ` 


of ways. Table 2 presents three common 
measures of volatility. The first of these mea- 
sures is the mean cyclical amplitude of each 
series. This measure shows the average per- 


centage fall in industrial production between 
peaks and troughs of the business cycle. For 
the four series on industrial production un- 
der consideration, the measurement of cycli- 
cal amplitudes is complicated by the dif- 
ferences in the trends of the various indexes. 
To account for this, the cyclical amplitude is 
calculated as the peak-to-trough change in 
the logarithm of the detrended index of in- 
dustrial production. The trend values of each 
index are estimated as the fitted value of a 
regression of the logarithm of the index on a 
constant and quadratic trend.° For the calcu- 
lations in Table 2, the peaks and troughs are 
defined to be the actual turning points in 
each detrended series. 

From the statistics in Table 2 it is clear 
that the exact postwar Frickey replication 
and the FRB materials index are both sub- 
stantially more volatile than the postwar FRB 
manufacturing index. For example, the mean 
cyclical amplitude of the FRB materials in- 
dex is approximately 22 percent greater than 
that of the FRB manufacturing index. At the 
same time, both the postwar replications of 
Frickey’s series are less volatile than the pre- 
war Frickey series. However, the implied sta- 
bilization is very slight. The exact replication 
is only 6 percent less volatile than the prewar 
Frickey index and the FRB materials index 
is only 4 percent less volatile than Frickey’s 
series. Thus, a comparison of consistent data 


5The quadratic trend was chosen because it appears 
to fit all four series substantially better than a linear 
trend. 
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TABLE 3 — BUSINESS CYCLES 
Frickey Exact Replication FRB Materials FRB Manufacturing 
(1866-1914) (1947-82) (1947-82) (1947-82) 

Peak- Percent Peak- Percent Peak- Percent Peak- Percent 
Trough Decline? Trough Decline? Trough Decline* Trough Decline* 
1869-71 .0556 1947-49 1237 1947-49 1581 1947-49 1219 
1872-76 2917 1951-52 0963 1951-52 0376 1951-52 0093 
1882-85 1845 1953-54 1488 1953-54 1297 1953-54 1177 
1887-88 0149 1955-58 .2199 1955-58 2240 1955-58 1597 
1890-91 0199 ` 1960-61 0311 1959-61 .0740 1959-61 0664 
1892-94 .2454 1966-67 .0524 1966-67 0463 1966-67 0184 
1895-96 .1382 1969-71 0536 1969-71 .0836 1969-70 1001 
1899-1900 0478 1973-75 1723 1973-75 2141 1973-75 1791 
1902-04 1441 1978-82 .2891 1979-82 .2403 1979-82 .2008 
1906-08 2755 
1909-11 1203 





"The percentage decline is measured as the difference between the logarithms of the peaks and troughs of the 


detrended series. 


does not reveal the dramatic damping of 
business cycle fluctuations apparent in the 
inconsistent series. 

The larger cyclical amplitude of the post- 
war Frickey replications is important be- 
cause it shows that Frickey’s methods sys- 
tematically exaggerate cyclical fluctuations in 
the postwar period. For most cycles both the 
exact postwar Frickey replication and the 
FRB materials index show a larger per- 
centage fall in output than does the postwar 
FRB manufacturing index. This can be seen 
in Table 3 which shows the peak-to-trough 
declines in industrial production for each 
cycle for these three indexes. The historical 
methods clearly overstate cyclical movements 
rather than merely add noise to the series. 


2. Standard Deviation of Growth Rates. The 
standard deviation of the growth rate of 
industrial production is another measure of 
volatility. It measures how much the change 
in output varies from year to year. The sta- 
tistics in Table 2 again show that the growth 
rate of industrial production is much more 
variable for either of the postwar Frickey 
replications than for the modern FRB 
manufacturing series. The growth rate of the 
exact Frickey replication for 1947-82 is ap- 
proximately 29 percent more variable than 
the FRB manufacturing series for the same 
time period. At the same time, both the 


postwar extensions of Frickey’s series are 
somewhat less volatile than Frickey’s prewar 
index. Thus, for this measure of volatility, 
consistent data indicate that industrial pro- 
duction may have stabilized some, but not 
nearly as much as a comparison of the 
Frickey and FRB manufacturing data would 
suggest. 


3. Standard Deviation of Deviations from 
Trend. The standard deviation of the devia- 
tions of industrial production from trend 
provides a final measure of the volatility of 
each series. This measure indicates the vari- 
ability of yearly cyclical movements. In Ta- 
ble 2, I report estimates using a quadratic 
trend. The standard deviations indicate that 
both the postwar Frickey replications are 
more volatile than the postwar FRB manu- 
facturing series, but slightly less volatile than 
the pre-1914 Frickey index. For example, the 
standard deviation of deviations from trend 
of the exact postwar replication of Frickey’s 
index is 18 percent greater than that of the 
postwar FRB manufacturing index and 9 


®When a linear trend is used to detrend industrial 
production, the standard deviations of deviations from 
trend are: Frickey (1866-1914) =.0830; Exact Frickey 
Replication (1947-82) =.0835; and FRB Materials 
(1947-82) =.0831; FRB Manufacturing (1947-82) = 
0714, 
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percent smaller than that of the prewar 
Frickey series. 

Despite some differences between the vari- 
ous measures of volatility, the results of these 
three comparisons all point to a similar con- 


clusion: a substantial amount of the ap-~- 


parent stabilization of the postwar index of 
industrial production is due to improvements 
in the data. Depending on which series and 
measure are used, somewhere between half 
and all of the observed stabilization is the 
result of comparing inconsistent data. When 
a consistent series is compared over time, the 
amplitude of the cycle is roughly similar 
before World War I and after World War II. 
Furthermore, while growth rates and the 
deviations of industrial production from 
trend have stabilized some, the change over 
the twentieth century has been mild, not 
dramatic. 


C. Significance Tests 


One question raised by all the measures of 
volatility is whether the differences between 
various indexes are statistically significant. 
From the perspective of this paper, however, 
significance is not a major issue. The ex- 
istence of the stylized fact that the economy 
has stabilized implies a general consensus 
that the difference in volatility between the 
pre- and postwar series is important. If this 
difference is not statistically significant, then 
the stylized fact is on shaky ground regard- 
less of inconsistencies in the data. If the 
difference is significant, then the comparison 
of the postwar Frickey replications and FRB 
manufacturing index provides an estimate of 
how much of the difference arises from 
changes in data collection procedures. 

If one is willing to make distributional 
assumptions, it is nevertheless possible to 
test whether various differences in volatility 
are significantly different from zero. Such 
significance tests are straightforward in the 
case of differences in mean cyclical ampli- 
tudes. For comparison of the prewar and 
postwar series, the usual test of the difference 
between two means can be used. This test 
assumes that the two samples are indepen- 
dent random samples from populations that 
are distributed normally with the same vari- 
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ance. For comparison of various postwar 
series, it is necessary to use a paired t-test 
because the two samples are clearly not inde- 
pendent. 

The test for whether differences in the 
standard deviations of the growth rates of 
various series are significant is also straight- 
forward. Under the assumptions of normal- 
ity and independence, the ratio of the two 
variances of growth rates is distributed F 
with degrees of freedom corresponding to the 
size of the two samples.’ The same test can 
be used to compare the standard deviations 
of deviations from trend. 

The test statistics for the various signifi- 
cance tests are shown in Table 4. One result 
is that using the traditional inconsistent data, 
the apparent stabilization of the postwar 
economy is significant. When Frickey’s pre- 
war data are compared to the modern FRB 
index of industrial production in manufac- 
turing, it is generally possible to reject the 
hypothesis that the volatility of the two series 
is the same. 

A second result is that the slight stabiliza- 
tion shown in the consistent data is not 
significant. For all three measures of volatil- 
ity, it is not possible to reject the hypothesis 
that the prewar Frickey index and both the 
postwar extensions of Frickey’s index are 
equally volatile. Furthermore, it is also not 
possible to reject the hypothesis that the 
exact Exact Replication replication and the 
postwar FRB materials index are equally 
volatile. Thus, it is reasonable to conclude 
that Frickey’s prewar index and both the 
possible consistent postwar extensions have 
equally severe cyclical movements. 


D. Length and Timing of Cycles 


The fact that Frickey’s methods overstate 
cyclical movements in the postwar period 
has important implications for the timing 
and duration of cycles. In several cases this 


For growth rates the assumption of independence is 
probably reasonable. Because the logarithms of various 
indexes of industrial production are fairly close to ran- 
dom walks, the growth rates are nearly serially uncor- 
related. For deviations from trend, the assumption of 
independence is clearly much less realistic. 
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TABLE 4— SIGNIFICANCE TESTS 


Differences in Mean Cyclical Amplitude* 


Mean (Frickey)-Mean (Exact Replication) 


Mean (Frickey)-Mean (FRB Materials) 


Mean (Frickey)-Mean (FRB Manufacturing) 
Mean (Exact Replication)-Mean (RFB Materials) 
Mean (Exact Replication)-Mean (FRB Manufacturing) 


Mean (FRB Materials)-Mean (FRB Manufacturing) 


Equality of Standard Deviations of Growth Rates 


SD? (Frickey)/SD? (Exact Replication) 
SD? (Frickey)/SD? (FRB Materials) 


SD? (Frickey)/SD? (FRB Manufacturing) 


Equality of Standard Deviations of Deviations from Trend 


SD? (Frickey)/SD? (Exact Replication) 
SD? (Frickey)/SD? (FRB Materials) 


SD? (Frickey)/SD? (FRB Manufacturing) 


a The ¢-statistics are shown in parentheses. 

>Significant at the 80 percent confidence level. 
“Significant at the 90 percent confidence level. 
‘Significant at the 95 percent confidence level. 
“Significant at the 99 percent confidence level. 


exaggeration turns periods of stagnation into 
what appear to be genuine recessions. Peri- 
ods of no growth or very slight downturn in 
the FRB manufacturing index turn into peri- 
ods of substantial drops in output in the 
exact or updated postwar Frickey indexes. 
This fact is easily seen in Table 3, which 
shows the peaks and troughs of the exact 
Frickey replication, the FRB materials index, 
and the FRB manufacturing index. The peaks 
and troughs are not necessarily NBER refer- 
ence cycles. Rather, they correspond to ac- 
tual highs and lows of the particular de- 
trended annual series. 

From the peak-to-trough changes in the 
three detrended series it is possible to see 
that the postwar Frickey replications have 
cycles not present in the FRB manufacturing 
index. The years 1952 and 1967 appear to be 
years of significant recession in both the 
exact Frickey replication and the FRB ma- 
terials index, while they are only the mildest 
downturns in the postwar FRB manu- 
facturing index. Because the downturns in 
the FRB manufacturing index are so slight, it 


is fair to say that the 1951-52 and 1966-67 
cycles do not appear in the true data. On the 
other hand, these same recessions clearly are 
genuine cycles in the postwar extensions of 
Frickey’s data.® 

The presence of additional cycles in the 
Frickey replications alters one’s view of the 
postwar economy. Rather than looking like a 
period of long, protracted cycles, the post- 
1947 era looks more like an era of short, 
choppy cycles. This is seen when one com- 
pares the average duration of cycles. In the 
FRB index of manufacturing production for 
1947-82, a cycle lasts on average 5.3 years. 
Both the postwar extensions of Frickey’s in- 
dex have cycles substantially shorter than 
those in the postwar FRB manufacturing 
series. For the exact replication, the average 
cycle lasts 3.9 years. For the FRB materials 
index, the average cycle lasts 4.0 years. 


® This assertion can be codified by saying that cycles 
with a percent decline of less than 2 percent should not 
be counted as genuine cycles. 
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TABLE 5—-SAMPLE AUTOCORRELATIONS 











Exact FRB FRB 
Frickey Replication Materials Manufacturing 

Lags (1866-1914) (1947-82) - (1947-82) . (1947-82) 
Percentage Changes 
1 — 195 — 382 — .230 ~ 162 
2 — 304 © 422 — 044 — 092 
3 .220 — 053 —.056 ~ 038 
4 — O11 — .022 014 000 
5 — .256 178 .100 097 
6 — .092 —.178 —~ 146 ~.114 
Deviations from Trend 
1 439 .260 351 437 
2 112 .260 125 173 
3 124 - 087 .023 .065 
4 — 135 082 041 051 
5 — 360 .108 014 .020 
6 — .297 097 — 143 ~ 126 


If one makes the same calculation for the 
prewar Frickey index, the average cycle is 
longer than that for the postwar Frickey 
replications. Excluding very small cycles 
(those with a decline in industrial production 
of less than 2 percent), the average cycle in 
the prewar Frickey index lasts 5.0 years. This 
suggests that when consistent data are com- 
pared, cycles are approximately one year 
shorter in the prewar era than in the post- 
war era. 

Very similar results emerge from a con- 
sideration of the autocorrelation functions 
for each index of industrial production. The 
first six sample autocorrelations of the per- 
centage changes and the deviations from 
trend of series are given in Table 5. 
Although the magnitude of the differences in 
the autocorrelation functions of the four 
series is reasonably small, the direction of 
differences is suggestive. Using percentage 
changes, the first-order sample autocorre- 
lations of the prewar Frickey index and 
the postwar FRB manufacturing index are 
smaller negative numbers than are the first- 
order sample autocorrelaions of either of the 


postwar replications of Frickey’s index. This , 


suggests that the postwar exact Frickey rep- 
lication and the FRB materials index exhibit 
choppier movements than do either the pre- 
war Frickey index or the postwar FRB 
manufacturing index. Using deviations from 
trend, the first-order sample autocorrelations 








of the prewar Frickey index and the postwar 
FRB manufacturing index are larger positive 
numbers than are the first-order sample au- 
tocorrelations of either of the postwar 
Frickey replications. This finding is con- 
sistent with the view that cycles are more 
protracted in the prewar Frickey index and 
the postwar FRB manufacturing index than 
in the exact postwar Frickey replication or 
the FRB materials index. 

The results of both the simple calculation 
of the length of cycles and the estimation of 
sample autocorrelations challenge the tradi- 
tional view that the length and timing of 
cycles have been stable between the prewar 
and postwar eras.? While this traditional view 
is evident in a comparison of the prewar 
Frickey and the postwar FRB indexes of 
manufacturing production, it is much less 
apparent when consistent data are compared 
over time. When consistent data are ex- 
amined, cycles in the postwar era appear to 
be somewhat shorter and less protracted than 
cycles in the period 1866-1914. This result, 


°The conventional stylized fact is stated most suç- 
cinctly in Victor Zarnowitz and Geoffrey Moore. Using 
the conventional NBER business cycle chronology they 
conclude “With regard to the total cycle durations, 
neither the means nor the standard deviations indicate 
any significant trends. Expansions lengthened and con- 
tractions shortened drastically but cycle lengths remain 
about the same” (1984, p. 7). 
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combined with the earlier results on cyclical 
amplitude, may suggest that while policy or 
institutional changes in the economy have 
not led to a dramatic decline in the severity 
of cycles over time, they have led to a 
noticeable shortening of cyclical fluctuations. 


Ill. The Source of Excess Volatility 


Considering the significant differences be- 
tween the postwar FRB manufacturing in- 
dex and both postwar replications of 
Frickey’s index, it is important to discover 
what is causing the postwar replications of 
Frickey’s index to have much larger and 
more frequent cyclical fluctuations than the 
FRB index of manufacturing production. 
Specifically, to be able to argue that the 


‘prewar Frickey series is excessively volatile, 


it is necessary to know where the historical 
methods go wrong. Only by identifying the 
source of systematic errors in the postwar 
constructed series is it possible to see if the 
same sources exist in the historical period. 

Since the methods used to construct both 
the Frickey and the FRB indexes are very 
similar, the source of the differences in vola- 
tility must lie in the vast differences in the 
sample of commodities included in the two 
indexes. The three main discrepancies be- 
tween the two samples are that Frickey’s 
sample is much smaller, much more biased 
toward materials and primary goods, and 
comprised of more outdated goods than is 
the modern FRB manufacturing index. 


A. Reliance on Materials 


From the comparisons ‘of Section II we 
already have a great deal of evidence con- 
cerning which of these differences is most 
important. The behavior of the exact postwar 
Frickey replication shows the combined re- 
sult of all three discrepancies. By using ex- 
actly the same sample of commodities that 
Frickey uses, the exact replication has all the 
errors stemming from using the production 
of a small sample of outdated materials to 
estimate industrial production. The behavior 
of the FRB materials index, on the other 
hand, shows the result of only one dis- 
crepancy: the reliance on materials. Because 
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the FRB materials index includes a large 
sample of modern commodities, it should be 
free of the problems related to using a small 
sample of anachronistic commodities. 

The statistics in Table 2 show that the 
mean cyclical amplitudes of the exact Frickey 
replication and the FRB materials index dif- 
fer by less than 5 percent. A paired t-test 
shows that the two amplitudes are not sig- 
nificantly different from one another. The 
standard deviations of. percentage changes 
and deviations from trend are also very simi- 
lar for the exact Frickey replication and the 
FRB materials index. This suggests that de- 
spite the large differences in the number of 
commodities and the number of modern 
products included in the two indexes, the 
two postwar extensions of Frickey’s index 
appear to accentuate cyclical movements to 
nearly the same degree. Since the reliance on 
materials is the one characteristic that the 
two indexes have in common, it is likely that 
the reliance on materials is the key source of 
the exaggeration of cyclical movements in 
the postwar extensions of Frickey’s index. 


B. Cyclical Movements in 
Materials Inventories 


It is natural to question why materials are 
more volatile than manufactured goods in 
general. A partial explanation is that invest- 
ment in materials inventories is very pro- 
cyclical. In a recession, inventories of manu- 
factured materials and supplies are run down 
tremendously, while in a boom they are in- 
creased greatly. This implies that, for a given 
level of demand, the movement in the pro- 
duction of materials is substantially greater 
than the actual movements in the consump- 
tion of these goods. Thus, even if the con- 
sumption of materials were proportional to 
the output of more fabricated products, the 
production of materials would show larger 
cyclical fluctuations than manufactures in 
general. 

To see this more clearly it is useful to 
examine two identities. Suppose that in- 
dustrial production is directly proportional 
to materials consumed. Then 


(1) Y,=YMC, 
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where Y, is total output and YMC, is materi- 
als consumed. By definition, 


(2) YMC, = YM,— AN, 


where. YM, is the production of materials 
and AN, is the change in materials invento- 
ries over year t. If materials inventory invest- 
ment is procyclical, then cyclical movements 
in materials consumed are always smaller 
than cyclical movements in materials pro- 
duced. Empirically, the correlation between 
changes in materials inventories and the de- 
viations of industrial production from trend 
is approximately 0.6.!° Thus, materials in- 
ventories movements may explain why a 
materials index is more volatile than an in- 
dex of total output. 

Given this possible role for inventories, it 
is useful to see if the size and timing of 
movements in materials inventories are such 
that they can explain the observed difference 
in the cyclical volatility of materials produc- 
tion and the production of all manufactured 
commodities taken together. One way to see 
how important inventories are is to see how 
much correcting the FRB materials index for 
movements in inventories changes the vola- 
tility of the materials index. 

To change the materials index from a pro- 
duction to a consumption index, one must 
` first develop a series on the real value of 
materials inventories. The Bureau of the 
Census has collected data on materials and 
supplies inventories since 1954. This is a 
nominal series that values inventories at the 
smaller of cost or price. Thus, any form of 
deflation is inaccurate. Accepting this prob- 
lem, a reasonable way of deflating is simply 
to divide the inventory series by the Pro- 
ducer Price Index for intermediate goods. 
While still inaccurate, this price index does 
measure many of the relevant price changes. 


10The change in materials inventories is measured 
using the Bureau of the Census series on the nominal 
value of materials and supplies inventories, deflated by 
the Producer Price Index for intermediate goods. In- 
dustrial production is measured using the FRB manu- 
facturing index. 
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To combine the changes in real inventories 
with the FRB index of materials production 
requires a further assumption. The change in 
real inventories can be represented as 


(3) AN, = LPi,19674Qi,1 


where AN, is the change in the level of real 
materials inventories in year ¢, P; 957 is the 
price of material i in 1967, and AQ, , is the 
change in the quantity of inventories of 
material i in year t. The index of the in- 
dustrial production of materials can be rep- 
resented as 


Ui 1967 Qi 





(4) IPM,=} 
i Vi967 Qi. 1967 


where IPM, is the index of materials produc- 
tion in year t, U; 967 is the value-added by 
material i in 1967, V,o,, is the total value- 
added in 1967, Q, , is the physical quantity 
of material i produced in year ż, and Q, 1967 
is the physical quantity of material i pro- 
duced in 1967. 

If one multiplies JPM, by V;o,7, this leaves 





v 
(5) IPMV 967 =D 
i i, 1967 


In this form it is clear that to combine AN, 
and IPM,V,o,,, one must assume that price 
per unit of material i in 1967 is proportional 
to value-added per unit of material i in 1967. 
That is, for all commodities, one must be 
able to write 


(6) Pi,1967 7 a( 0; 1967/Q;, 1967) 


A comparison of the value-added in pro- 
duction and the value of shipments for the 
various materials indicates that this is not an 
altogether unreasonable approximation. On 
the aggregate level, and more roughly on the 
disaggregate level, price is approximately 
twice as large as value-added per unit. In the 
1971 edition of Industrial Production, the 
Federal Reserve Board calculates both the 
total value of shipments and the total value- 
added of the commodities included in their 
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TABLE 6— EFFECTS OF INCLUDING INVENTORIES, 1954—82 
Index 

Measure FRB FRB of Materials 
of Volatility Manufacturing Materials Consumed* 
Mean Cyclical 

Amplitude of 

Detrended Series 1237 1498 1389 
Standard Deviation 

of Growth Rates .0620 .0761 .0690 
Standard Deviation of 

Deviations from Trend .0610 .0714 .0677 


a FRB materials index corrected for changes in inventories. 


materials classification in 1963. The ratio of 
the two is 1.97. This ratio can be taken to 
summarize the relation between price and 
value-added. 

To form the corrected materials index is 
now straightforward. The materials index is 
multiplied by 1.97 times the value-added in 
the production of materials in 1967. The 
change in real inventories is then subtracted 
from this figure. This leaves a series on the 
real value of materials consumed. To return 
this series to index form, it is normalized by 
dividing each observation by the value of the 
series in 1967. Because the inventory data are 
only available after 1954, an index of materi- 
als consumed can only be created for the 
period 1954-82. 

The results of correcting the FRB materi- 
als index for movements in inventories are 
shown in Table 6. The table shows various 
measures of volatility for both the original 
materials index and the new materials con- 
sumed index. The results are quite strong: 
the index of materials consumed is substan- 
tially smoother than the original FRB ma- 
terials index. For the mean cyclical ampli- 
tude, it is possible to reject the hypothesis 
that the average amplitudes of the materials 
consumed and the materials produced in- 
dexes are the same at the 95 percent confi- 
dence level (t = 2.66). Indeed, correcting for 
inventory movements reduces the dis- 
crepancy between the volatility of the materi- 
als index and the total FRB manufacturing 
index by approximately half. This suggests 
that inventory movements are important and 


an accurate index of materials consumed is 
much less volatile than an index of materials 
produced. For this reason, total output, which 
is more closely proportional to materials 
consumed, is less variable than materials 
produced. 

Inventory movements may, in fact, explain 
more of the difference in volatility between 
the FRB materials index and the total FRB 
manufacturing index than the calculations in 
Table 6 suggest. The crude index of materials 
consumed presented in Table 6 only corrects 
for investment in materials inventories. In- 
vestment in finished goods inventories may 
also be important. Goods such as pig iron or 
lumber are held both as materials inventories 
by ultimate fabricators and as finished goods 
inventories by the original pig iron or lumber 
producers. Since investment in these types of 
finished goods inventories is also very pro- 
cyclical, a true index of the materials con- 
sumed is probably even less cyclically re- 
sponsive than one that only takes into 
account materials inventory investment. . 


IV. Is the Prewar Index of Industrial Production 
Excessively Volatile? 


Section II shows that both the postwar 
extensions of Frickey’s index are systemati- 
cally more volatile than the true total index 
of postwar industrial production. This sec- 
tion extends the analysis to see if the Frickey 
index is also more volatile than a true index 
of industrial production would be if it were 
available for the prewar era. It examines 
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whether the methods used to form the Frickey 
index have the same effects in the pre-1914 
era as they have in the post-1947 period. 


A. The Relative Importance of Materials 
in the Prewar and Postwar Eras 


The first issue involved in determining 
whether the prewar Frickey index is exces- 
sively volatile concerns the role of materials 
in the prewar economy. While it is obvious 
that the goods included in Frickey’s index 
are for the most part manufactured materi- 
als, it is possible that such materials repre- 
sented a larger fraction of the prewar econ- 
omy than such materials represent today. If 
this were true, then Frickey’s series might 
not be as poor an indicator of total industrial 
production in the prewar era as it is in the 
postwar era. 

To test whether or not this supposition is 
correct involves devising a measure of how 
representative a materials index is for both 
the prewar and postwar economies. One sim- 
ple measure that can be calculated for both 
periods is the ratio of the cost of materials to 
the total value-added in manufacture, where 
both values are in nominal terms. This ratio 
provides a rough estimate of the importance 
of materials in the prewar and postwar eras. 

Data on the necessary quantities are avail- 
able from the Census of Manufactures for 
1904 and 1967. For both time periods, the 
cost of materials includes both raw and par- 
tially manufactured materials. The resulting 
ratios of the cost of materials to total value- 
added in manufacture are 1.26 for 1904 and 
1.14 for 1967.1! The similarity in the ratios 
suggests that materials are only a slightly 
larger fraction of the economy in 1904 than 
in 1967. This implies that the prewar Frickey 
index and the postwar FRB materials index 


1 The data for the calculations for 1904 are from Part 
1 of the Census of Manufactures (1905, Table 57, p. 
109). The data for 1967 are from Vol. 1 of the Census of 
Manufactures (1967, Table 5, p. 45). The results are 
essentially the same using gross value in the denomina- 
tor: the ratio of the cost of materials to gross value is .57 
for 1904 and .54 for 1967. 
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are approximately equally representative of 
the underlying economies. 

There are, however, some severe limita- 
tions to the calculations. While the basic 
definitions and methods appear to be com- 
parable over time, the data from the two 
censuses are probably not consistent. Most 
importantly, because the cost of materials 
number includes both raw and manufactured 
materials, this figure involves a substantial 
amount of double counting. If the degree of 
vertical integration has changed over time, 
then there could be different degrees of dou- 
ble counting in the two benchmark years 
which could affect the calculation. Similarly, 
because the available data are in nominal 
terms, relative price changes over time could 
have affected the ratios. 

Nevertheless, this calculation is instructive. 
It suggests that the importance of materials 
has not decreased significantly over time. 
Part of the explanation of this finding is that 
our definition of materials has changed over 
time. The manufactured materials classifica- 
tion has come to include increasingly fabri- 
cated goods as the economy has become 
more sophisticated. However, the FRB ma- 
terials index also includes goods much fur- 
ther along in the production process than 
does the prewar Frickey index. Thus, the 
comparison of the cost of materials to total 
value-added, where the definition of materi- 
als changes over time, does provide a legiti- 
mate way to assess how representative the 
prewar and postwar materials indexes are of 
total industrial production. 


B. The Behavior of Materials Inventories 
in the Prewar Era 


While the previous comparisons suggest 
that a materials index is no more representa- 
tive of total industrial production in the pre- 
1914 era than in the postwar era, this is still 
not proof that the prewar Frickey index is 
excessively volatile. A second issue concerns 
the behavior of prewar materials inventories. 
It is possible that materials inventory invest- 
ment was not procyclical in the prewar era as 
it is in the postwar era. If this were true, then 
Frickey’s prewar index of materials produced 
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might be an adequate proxy for materials 
consumed and hence for total industrial pro- 
duction. 

Historical evidence on the behavior of 
materials inventories is, unfortunately, very 
limited. Data on manufactured materials in- 
ventories are essentially nonexistent for the 
pre-1914 period. However, there are a few 
fragments of inventory data from the inter- 
war period that can be used to test whether 
the cyclical behavior of inventories is similar 
in the interwar and postwar eras. It is likely 
that data from this later, but contiguous, 
period may reflect prewar inventory move- 
ments fairly well. It is difficult to imagine 
what structural shift could have caused in- 
ventory behavior to change dramatically be- 
tween the early 1900’s and the 1920’s. 

One such fragment comes from Moses 
Abramovitz’s early study of inventories. His 
study includes data on raw materials inven- 
tories for the period 1918-38 (1950, chs. 9 
and 10). On the basis of these data, 
Abramovitz finds that investment in raw 
materials inventories is decidedly procyclical. 
Using monthly data and the then fashionable 


` business cycle techniques, Abramovitz con- 


cludes that “investment in raw materials in- 
ventories tends to conform to cycles in the 
rate of change in manufacturing activity” 
(p. 397). While Abramovitz’s findings only 
apply to raw materials inventories rather than 
to manufactured materials inventories, they 
are nevertheless suggestive. It seems plausi- 
ble that the same considerations that govern 
a firm’s choice of raw materials inventories 
also apply to manufactured materials inven- 
tories. Hence, if raw materials inventory in- 
vestment is procyclical in the prewar era, it is 
likely that manufactured materials inventory 
investment is procyclical as well. 

A second fragment of data on interwar 
inventories comes from early issues of the 
Survey of Currént Business. Available data on 
inventories of newsprint at publishers from 
1920 to 1937 provide a more direct look at 
the behavior of an example of manufactured 
materials inventories. The estimated coeffi- 
cient of the regression of the change in in- 
ventories of newsprint at publishers on the 
deviations of industrial production from 
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trend is .336 (s.e =.339).2 Because of the 
very limited sample the standard error is 
large, but the results are still suggestive of a 
procyclical relationship. 

Finally, a third fragment of evidence con- 
cerns the behavior of materials held as 
finished goods inventories. As. mentioned 
earlier, if investment in materials held as 
finished goods inventories is procyclical, then 
cyclical movements in materials produced 
will be larger than cyclical movements in 
materials consumed. There is a substantial 
amount of data on such finished goods in- 
ventories of materials for the interwar period. 
Again, from early issues of the Survey of 
Current Business it is possible to put together 
a sample of real finished goods inventories 
from the 1920’s and 1930’s. The sample in- 
cludes a variety of materials and inter- 
mediate goods, among them lumber, wheat 
flour, crude petroleum, and steel sheets.!> 

The percentage changes in these series can 
be pooled and the composite series used to 
test whether investment in finished goods 
inventories of materials is procyclical in the 
interwar period. When the pooled changes in 
finished goods inventories are regressed on 
pooled deviations of industrial production 
from trend, the coefficient is .40 (s.e. =.15). 
This suggests that movements in finished 
goods inventories are procyclical. It is im- 
portant to note, however, that the actual 
correlation between inventory movements 
and the cycle in this regression is small (R? 
= .06). This fact, however, is probably due to 
the fact that the inventory data dre very 
disaggregated so that industry specific shocks 
may be dominating the overall influence of 
the cycle. 


12 The industrial production series used is the conven- 
tional FRB index of manufacturing production for 
1919-47. 

13The sample includes 118 observations. The in- 
ventory series included in the sample are: Wheat 
flour (1921-37); Crude petroleum (1923-37); Southern 
pine lumber (1920-29); Cotton cloth (1926-31); Cotton 
yarn (1928-31); Refined sugar (1923-37); Steel sheets 
(1919-35); Paper (1920-31); Woolen cloth (1934-47); 
Newsprint at mills (1920-37); and Petroleum coke 
(1923-37). 
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Taken together, these findings suggest that 
investment in materials inventories and fin- 
ished goods inventories of materials are 
procyclical in the prewar era as they are in 
the postwar era. As a result, it is likely that 
Frickey’s prewar index of industrial produc- 
tion overstates the volatility of the prewar 
economy in the same way that the rep- 
lications of his index overstate the volatility 
of the postwar economy. Because his meth- 
ods do not take into account the procyclical 
movements in the stock of materials, 
Frickey’s original index exaggerates cyclical 
movements in total manufacturing output in 
the prewar era. 


C. Volatility of the Shaw-Kuznets Series 


A final, important piece of evidence on the 
excess volatility of the prewar Frickey index 
is the behavior of what appears to be a better 
measure of prewar industrial production. 
While many prewar indexes of industrial 
production suffer from the same excess vola- 
tility evident in Frickey’s series, an annual 
series created by William H. Shaw (1947) 
appears to represent cyclical movements 
more accurately. The Shaw series covers the 
period 1889-1919. It has been extended back 
to 1869 by Simon Kuznets (1961). 

The Shaw-Kuznets series differs from other 
historical indexes of industrial production in 
that it is based on the value of commodity 
output rather than on the physical quantity 
of goods produced. To form a real measure 
of commodity output, the Shaw-Kuznets 
estimates are deflated by a series of price 
indexes derived from the Bureau of Labor 
Statistics Wholesale Price Index. The result- 
ing estimates of real commodity output also 
differ conceptually from a total index of 
industrial production in that they include 
only finished goods. 

Because these estimates are not based on 
quantity data, Shaw and Kuznets have a 
much larger sample of data with which to 
work. For a variety of reasons there are far 


For a concise and consistent presentation of the 
Shaw-Kuznets series, see Kuznets (Table R-21, pp. 
553~54). 
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more records on the value of goods produced 
in the prewar era than on the physical quan- 
tity of goods produced. Shaw and Kuznets 
are able to amass an impressive array of 
annual data on the value of finished goods 
produced. Most of these data are from an- 
nual state reports and special industry and 
government publications. These annual state 
data are used to interpolate between the 
more comprehensive data on the value of 
commodity output available in years in which 
the Census of Manufactures was conducted. 

The fact that the Shaw-Kuznets series con- 
tains a great deal of annual data on the value 
of finished goods produced suggests that it 
should be a more accurate measure of pre- 
war industrial production than is the Frickey 
index which contains only data on materials 
produced. Because the Shaw-Kuznets series 
includes data on the value of finished goods 
such as machines and clothing, it should be 
free of the excess volatility that comes from 
using the production of pig iron and cotton 
to proxy for the output of these finished 
goods.}> 

Given this reason for believing that the 
commodity output data represent cycles ac- ` 
curately, it is instructive to examine the 
volatility characteristics of the prewar Shaw- 
Kuznets series. It is also useful to consider 
the volatility characteristics of a postwar 
continuation of the commodity output series. 
Fortunately, there exists a postwar series that 
appears to be very similar to the Shaw- 
Kuznets series, both conceptually and in its 
actual calculation. This series is the Federal 
Reserve Board series on the gross value of 
finished goods.'® Like the prewar series, the 


'S While the commodity series is free of the excess 
volatility due to a reliance on materials, Kendrick be- 
lieves that it may still be systematically flawed because 
of the deflating process. He states that “the price index- 
es are usually based on quoted prices and do not take 
full account of changes in subsidiary terms of sale. ‘Net 
realized’ prices tend to fluctuate more than quoted prices 
over the business cycle and thus the real-product esti- 
mates have a downward bias in depressed periods and 
an upward bias in recoveries” (p. 41). 

'6This series is described in detail in the FRB pub- 
lication Industrial Production (1971, pp. 9-11, and 1976, 
pp. 29-30). 
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TABLE 7— VOLATILITY OF COMMODITY OUTPUT 
FRB FRB 
Shaw-Kuznets Gross Value Final Products 

Measure (1869-1914) (1954-82) (1947-82) 
Mean Cyclical 

Amplitude of . 

Detrended Series? .0937 .0894 .1063 
Standard Deviation 

of Growth Rates .0567 .0469 .0497 
Standard Deviations of 

Deviations from Trend .0678 .0345 .0527 





“Trend commodity output is calculated as the fitted values of a regression of the log 
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of industrial production on a constant and a quadratic trend. 


postwar FRB series is a gross value rather 
than a value-added index. Furthermore, like 
the Shaw-Kuznets series, this series measures 
the constant dollar value of only final finished 
goods. 

While the FRB gross value series is a good 
postwar continuation of the Shaw-Kuznets 
series, it suffers from two limitations. The 
most serious of these is that the gross value 
series is only available after 1954. Since this 
means that the very volatile late 1940’s and 
early 1950’s are excluded, this series will 
underrepresent the true volatility of com- 
modity output in the postwar era. A second 
limitation is that the gross value series 
changes base years in 1967. As a result, in 
calculating trend commodity output one must 
estimate the trend over a very short period. 
As a result the standard deviation of devia- 
tions from trend is likely to be artificially 
low. To deal with these two limitations, I 
also examine the more common FRB final 
products index which is available without 
break from 1947 to 1982. While this is a 
value-added index, a comparison of this series 
with the gross value series over the period 
where they both exist shows that the cyclical 
properties of the two series are essentially 
identical. 

The various measures of volatility for the 
prewar and postwar commodity output data 
are given in Table 7. From these statistics, 
two characteristics of the commodity output 
series are obvious. The first is that commod- 
ity output has stabilized very little between 
the pre-1914 and the post-1947 periods. The 


second is that the Shaw-Kuznets series for 
1869-1914 is substantially less volatile than 
the Frickey index for the same period. The 
Shaw-Kuznets series is, on average, ap- 
proximately 35 percent less volatile than the 
Frickey index. On the other hand, for the 
postwar era, the two commodity output series 
are not noticeably less volatile than the FRB 
index of industrial production in manufac- 
turing. 

The fact that the prewar Shaw-Kuznets 
series is substantially less volatile than the 
Frickey index provides evidence that the pre- 
war Frickey index is excessively volatile. 
Since there is reason to believe that the 
Shaw-Kuznets series is a more accurate mea- 
sure of the cyclical behavior of prewar in- 
dustrial production than is the Frickey in- 
dex, the difference in volatility between the 
two series suggests that the Frickey series is 
incorrect. 

The fact that the Shaw-Kuznets series 
shows no stabilization over time also pro- 
vides support for the view that consistent 
industrial production data do not show a 
damping of business cycles between the pre- 
1914 and the post-1947 eras. When Frickey’s 
index is compared with either its exact post- 
war replication or the FRB materials index, 
there appears to be only a slight stabiliza- 
tion. When Shaw’s series is compared to a. 
similar postwar series, there appears to be 
little stabilization of the production of 
finished goods. In both cases, the dramatic 
stabilization of the postwar economy ap- 
parent in inconsistent data disappears. 
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V. Conclusions 


The preceding analysis yields several con- 
clusions about the historical industrial pro- 
duction series. Section I discussed the pos- 
sible inconsistencies between the prewar 
Frickey index and the postwar FRB index of 
industrial production and described the con- 
struction of a postwar index that is con- 
sistent with the prewar index. Section II 
showed that when consistent industrial pro- 
duction data are compared, there is very 
little damping of business cycle fluctuations 
between the pre-1914 and the post-1947 
period. 

The last two sections sought to explain the 

` source of this result. Section HI showed that 
the postwar replications of Frickey’s index 
are more volatile than the true index of 
industrial production because the Frickey- 
like series are based very heavily on the 
production of materials. Because materials 
inventories are strongly procyclical, an index 
of materials produced is much more volatile 
than an index of total industrial production. 
Section IV showed that the prewar Frickey 
index is excessively volatile. Data on the 
relative importance of materials and the be- 
havior of materials inventories in the prewar 


and postwar eras suggest that the Frickey ` 


index is as bad a proxy for total industrial 
production in the prewar era as a replication 
of his index is for total industrial production 
in the postwar era. 

It is useful to compare these conclusions 
on the industrial production series to those I 
have drawn elsewhere on the historical un- 
employment and Gross National Product 
series. The results of the three studies are 
essentially identical. All three suggest that 
the prewar macroeconomic data are exces- 
sively volatile. 

It may seem puzzling that all three studies 
show similar results. To some degree, the 
source of the excess volatility in each series is 
very different. For the unemployment series, 
the source of exaggerated cyclical fluctua- 
‘tions is the fact that the relationship between 
unemployment and output is misspecified. 
The Lebergott unemployment series for 
1890-1930 is derived by assuming that the 
labor force does not move with the cycle and 
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that employment in some sectors moves one- 
for-one with output in that sector. (See Stan- 
ley Lebergott, 1964.) A variety of evidence 
suggests that these assumptions are false for 
the prewar era and using them yields a pre- 
war series that is excessively volatile. 

The source of exaggerated cyclical fluctua- 
tions in the Kuznets GNP series involves the 
specification of the relationship between the 
available data on commodity output valued 
at producer prices and total Gross National 
Product. Kuznets derives estimates of total 
GNP by assuming that GNP by sector moves 
one-for-one with commodity output. How- 
ever, this assumption, which is certainly false 
for the postwar era, appears to also be false 
for the prewar era. GNP includes several 
components that move much less over the 
cycle than does commodity output. There- 
fore, using the assumption that the two move 
together one-for-one yields a series that 
accentuates cyclical movements. 

While the sources of errors in the unem- 
ployment and GNP data may seem quite 
different from that in the industrial produc- 
tion data, the problems in each series are, in’ 
fact, quite similar. In all three cases the 
cyclical exaggeration stems from using a 
series that is too volatile to proxy for the 
aggregate series being created. In the deriva- 
tion of the Frickey index, materials produc- 
tion is used to proxy for total industrial 
production. In the creation of the unemploy- 
ment series, output is used to proxy for 
employment. In the construction of the pre- 
war GNP data, commodity output is used to 
proxy for total GNP. In all three cases, the 
aggregate series is assumed to move one-for- 
one with the series being used as a proxy, 
rather than substantially less than one-for- 
one as is almost certainly true. Because all 
three historical series have essentially the 
same mistake, it is not surprising that all 
three are excessively volatile. 

While the errors in each series are similar, 
it is important to note that they are neverthe- 
less independent. That is, the errors iden- 
tified in one of the series do not cause further 
errors in the other two series. The reason for 
this is that none of the three series consid- 
ered are actually used in the construction of 
one of the other series. For example, the 
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output series used to derive the unemploy- 
ment series is neither the Frickey nor the 
Kuznets series. Rather, Shaw’s series on 
commodity output is used to construct the 
unemployment series. Similarly, Kuznets’s 
GNP series is based on the Shaw data rather 
than the Frickey data. Because of this inde- 
pendence, one can identify errors in each 
series separately. 

The fact that the prewar industrial produc- 
tion, unemployment, and GNP data are all 
excessively volatile casts serious doubt on the 
usual belief that the prewar economy was 
substantially more volatile than the postwar 
economy. Indeed, it does appear that the 
relative stabilization of the postwar economy 
is a figment of the data. It is important to be 
very precise about the extent of this conclu- 
sion. All three of these studies only examine 
the data before the Great Depression. As a 
result, this work in no way challenges the 
severity of the economic decline of the 1930’s. 
Rather, what this study and its two compan- 
ions suggest is that the severity of economic 
fluctuations on both sides of the Great 
Depression are roughly equal. In fact, one 
implication of this work may be to em- 
phasize the degree to which the Great 
Depression is an anomaly in the history of 
American business cycles. 

The conclusion that cycles before and after 
the Great Depression are equally severe is 
itself very important. As mentioned in the 
introduction, this finding contradicts the em- 
pirical studies that find a dramatic stabiliza- 
tion between the prewar and postwar econo- 
mies. On the other hand, this finding may 
confirm some of the more theoretical analyses 
of prewar and postwar business cycles. For 
example, a variety of studies of the prewar 
economy stress the presence of relatively 
flexible wages and prices. (See, for example, 
Jeffrey Sachs, 1980, and Phillip Cagan, 1975.) 
It is certainly possible that such flexible prices 
could have enabled the prewar economy to 
adjust rapidly to various shocks. 

The decline in wage and price flexibility 
between the prewar and postwar eras may 
explain why the use of both discretionary 
and automatic stabilizers in the postwar has 
not yielded a dramatically more stable econ- 
omy. These stabilizing forces may have served 
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primarily to counteract the possibly destabi- 
lizing effects of wage and price rigidity. While 
this is clearly only a conjecture in need of 
careful testing, it does suggest an interpreta- 
tion of the results in this paper that are in 
accord with relatively Keynesian models of 
the business cycle. 

Thus, the finding that pre-World War I 
and post-World War II cycles are of equal 
magnitude need not imply that stabilization 
policy is ineffective. However, without clear 
evidence of stabilization, we can no longer 
simply assert that government stabilization 
policy is obviously effective. If we wish to 
argue that policy does matter, then we must 
posit and test possible explanations for the 
similarity of the prewar and postwar busi- 
ness cycle. 
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The Distributional Welfare Effects of Rising Prices 
in the United States: The 1970’s Experience 


By Tuomas M. STOKER* 


This paper presents estimates of the distributional welfare impacts of the actual 
price rises of energy and nonenergy commodities during the 1970-80 decade in 
the United States. Measures of welfare change based on net compensating 
variations are computed for different types of families. These show that welfare 
differences due to changes in commodity prices are minor compared to welfare 
differences due to different income growth patterns over the decade. 


The substantial energy price rises of the 
1970’s have stimulated a great deal of inter- 
est in the reactions and subsequent economic 
positions of producers and consumers in 
the U.S. economy. On the consumption side, 
the major issues concerned how families 
would react to much higher energy prices, as 
well as the associated impacts on the welfare 
of families. Newspaper reports of the time 
are filled with accounts of how much more 
difficult life had become for the poor, the 
elderly, and families on fixed incomes in the 
face of escalating energy prices, as well as 
detailed accounts of how much energy 
budgets had risen for virtually all families. 

This paper gives a retrospective view of 
the U.S. experience, by presenting estimates 
of the distributional welfare impacts of the 
actual price rises of the 1970’s for different 
types of families. The first question of inter- 
est concerns how widely the welfare impacts 
vary over families. When energy prices in- 
crease, one would expect that welfare im- 
pacts will vary over families according to 
how much energy they consume, which is 
related to each family’s income and demo- 
graphic makeup. For example, since energy 
for heating, lighting, and basic transporta- 
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tion is a relative necessity in family budgets, 
poorer families will tend to experience a 
greater percentage welfare loss than wealthier 
families. For a given level of income, larger 
families will tend to experience a greater 
percentage loss than smaller families. A 
greater percentage loss will be experienced 
by families in less temperate climates, such 
as the midwestern United States, relative to 
families in more temperate climates, such as 
the western United States. 

An assessment of welfare differences is 
necessary for judging the distributional con- 
sequences of price changes that are not re- 
vealed by an analysis of a “typical” family 
experience, such as one considering the eco- 
nomic position of a family with per capita 
income. Moreover, if such welfare differences 
are substantial, their recognition is necessary 
for formulating more equitable policy re- 
sponses to soften the impact of price shocks, 
whether the price changes arise from outside 
economic events, such as OPEC-led price 
increases, or policy changes that affect either 
domestic energy pricing or applicable energy 
tariffs. 

The second question concerns the ap- 
propriateness of focusing policy concerns on 
the behavior of the price of a single commod- 
ity, such as energy. A large amount of the 
national policy discussion of the 1970’s was 
focused on energy, which may seem justifiable 
because the nominal price of energy more 
than tripled during the decade. However, 
nominal prices for food and clothing, hous- 
ing services, and consumer services almost 


a 
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doubled, and nominal prices of other goods 
in the budget more than doubled. Also rele- 
vant is the nominal income history of indi- 
vidual families over the decade—whether in- 
come is gauged to the level of prices, fixed in 
nominal terms, or following the cyclic behav- 
ior of average income in the U.S. economy. 
While plain economic sense dictates that a 
family’s reaction to changes in all prices and 
income is important for its welfare, this paper 
numerically points out the differences be- 
tween welfare measures based solely on en- 
ergy expenditures and welfare measures that 
account for all price and income changes. 

For measuring welfare impacts with rising 
energy prices, a natural technique is to take 
the initial quantity of energy consumed by a 
family prior to the price shock, revalue it at 
the increased price, and measure the welfare 
loss as the additional cost of the initial quan- 
tity. While a revaluation technique of this 
type provides a measure of how much more 
expensive energy has become, it fails to 
account for several important features of the 
economic behavior of families. The substitu- 
tion behavior of families is ignored, whereby 
the quantity purchased of energy is reduced 
via both the own-price effect of reducing 
energy purchases because of the increased 
price as well as the cross-price effect of 
substitution away from energy toward rela- 
tively less expensive consumption items. Any 
change in the level of family income (or total 
expenditure budget) is also ignored. By not 
accounting for these features, revaluation 
measures are likely to significantly misstate 
the actual losses (or gains) experienced by 
individual families. 

A useful measure of the welfare impacts 
on families is the net compensating varia- 
tion,' which accommodates both substitution 
behavior and changes in family budgets. The 
compensating variation arising from price 
changes refers to the amount of money that 
one would have to pay a family under the 
new prices to make it exactly as well off as it 
was under the initial prices. This measure 
can be positive or negative according to 


1 Compensating variation measures of welfare gain or 
loss were introduced by John Hicks (1939, 1942). 
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whether the family is worse off or better off 
under the new prices, and will vary with the 
level of income and demographic makeup of 
the family. The net compensating variation is 
the difference between the compensating 
variation and the change in total expendi- 
tures. 

In this paper, net compensating variation 
measures of welfare change are presented 
corresponding to the observed annual price 
experience in the United States over the 
period from 1970 to 1980. Welfare measures 
are computed for families with different de- 
mographic makeups and different total ex- 
penditure budget histories over the decade, 
or, in short, different total expenditure pro- 
files. Five demographic dimensions are in- 
cluded: family size, age of head, region of 
residence, race of head, and urban or rural 
residence. Total expenditure profiles include 
initial (1970) total expenditures ranging from 
$5,000 to $25,000, with several growth pat- 
terns over the decade: growth constant in 
real terms (i.e., proportional to a Consum- 
er Price Index), proportional to per capita 
income, and at nominal rates ranging from 
0 percent (fixed nominal total expenditures) 
to 20 percent.” 

The overall conclusions of the results are 
as follows. The revaluation measures of en- 
ergy purchases as well as compensation mea- 
sures based solely on energy prices bear no 
relation to the correct welfare change mea- 
sures. While substantial demographic dif- 
ferences exist in demand behavior, the demo- 
graphic differences in welfare impacts are 
slight, with a family whose total expenditures 
are constant in real terms realizing gains of 
6-7 percent of the initial budget, due to 
substitution in 1980 relative to 1970. Large 
losses in welfare position occur only for 


?"In this study I make no attempt to combine individ- 
ual compensation measures into an overall social welfare 
or inequality index. Such combinations of compensation 
measures are discussed in Robert Willig (1981) and 
Willig and Elizabeth Bailey (1981). John Muellbauer 
(1974a, b and 1978) and Dale Jorgenson and Daniel 
Slesnick (1984) present analyses of welfare inequality 
using social welfare functions that include the influence 
of differing household characteristics. 
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families whose nominal expenditure budgets 
grew at rates substantially below the infla- 
tion rate. Consequently, this study reaffirms 
the standard economic position that prob- 
lems of families under economic duress, 
whether caused by rising energy prices or 
other prices, should be treated as problems 
of insufficient income and dealt with, without 
special attention to any particular price. 


I. Methodology 


A. Family Demand Behavior and 
Net Compensating Variation 


In order to compute measures of changes 
in family welfare that account for substitu- 
tion among commodities, a complete em- 
pirical description of family demand behav- 
ior is required. Such a demand model must 
characterize the effects of changes in all 
commodity prices, income and the demo- 
graphic makeup of individual families and 
also be consistent with utility maximization 
by each family, so that tradeoffs between 
different commodity consumption levels are 
consistently characterized. In this section I 
introduce a model of U.S. family demand 
behavior that fulfils these criteria (the trans- 
log model of Dale Jorgenson, Lawrence Lau, 
and myself, 1982; hereafter J-L-S) and pre- 
sent the associated formulae to be used for 
calculating compensating variation welfare 
measures.? 

The J-L-S demand model is based on ex- 
plicit modeling of the connection between 
individual family demand functions and 
economywide aggregate commodity expendi- 
tures. The system is estimated by pooling 
cross-section data on expenditures by indi- 
vidual families for a single year, together 
with aggregate annual time-series data on 
expenditures, price levels, and statistics of 
the joint distribution of family income and 
demographic variables. To my knowledge, 
the J-L-S system represents the only avail- 
able empirical model of U.S. family demand 


3 The technique of computing compensating variation 
welfare measures from the J-L-S translog demand model 
was first applied in our 1980 article. 
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behavior that fulfils the criteria required for 
this study.* 

The J-L-S demand model describes family 
budget allocation to five overall categories of 
commodity expenditures, indexed by n= 
1,...,5, given as> 1) Energy; 2) Food and 
Clothing; 3) Other Nondurable Goods; 4) 
Capital Services; and 5) Consumer Services. 

The annual time periods are indexed by ż, 
with ż = 0,..., T, and families are indexed by 
k, with k =1,..., K, where K, is the popula- 
tion size in year ¢. In addition to total budget 
expenditures (which represents income for 
my purposes), families are differentiated 
along the following demographic dimen- 
sions: 

1) Family Size: 1, 2, 3, 4, 5, 6, 7 or more 
persons; 

2) Age of Head: 15-24, 25-34, 35-44, 
45-54, 55-64, 65 and over; 

3) Region of Residence: Northeast, 
North Central, South, and West; 

4) Race of Head: White, Nonwhite; 

5) Type of Residence: Urban, Rural. 

These dimensions are represented by qual- 
itative variables (so as to not constrain the 
effects of changes along each dimension), 
that allow for 672 different types of families 
in the population at any given total expendi- 
ture level. 


‘Part of the reason for this is that the approach of 
combining individual cross-section and aggregate time- 
series data sources provides the only practical solution 
for simultaneously estimating individual effects of prices, 
income and a realistic number of demographic influences 
given the available data for the United States. For more 
general modeling of all of the important effects, data on 
expenditure patterns of individual families that exhibit 
independent variation of prices, income and all demo- 
graphic dimensions of interest are required, such as 
would be observed in a multiyear panel study of family 
budgets. Unfortunately, data of this type containing full 
coverage of family budget categories are not presently 
available for families in the United States. 

5See our study (1982) for discussion of the data 
categories. Capital services refers to the service flow 
from consumer durables and housing, whereas invest- 
ment in these categories is treated as altering the stock 
of capital (as well as replacement). These service flow 
data were constructed from data on the stocks of hous- 
ing and consumer durables via the perpetual inventory 
method described in Christensen and Jorgenson (1970) 
and Jorgenson (1986). 


338 THE AMERICAN ECONOMIC REVIEW 


The notation used for the formulae is as 
follows. The price of the nth commodity 
category in year r is denoted as p,,, with the 
full vector of prices denoted as p,= 
(Pin---» Ps) The quantity purchased of 
commodity n by family k in year ¢ is de- 
noted as x,,,, with budget share w,,,= 
PurXnke/ Mko where Myr = Epl ParXnks) is 
total expenditure by family k in year t. The 
values of the qualitative demographic vari- 
ables for family k in year ¢ are denoted as 
Asko Where s indexes demographic types, 
and s=1,...,16 for the J-L-S model. The 
symbol A, kı Yepresents the vector of all 
qualitative demographic variables. 

The equations of the J-L-S demand model 
posit that the nth budget share for family k 
in year ¢ takes the form: 


1 
(1) Wake = D(p,) ) a tL Bato py 


te Bunin My, + LBansA 


n=1,...,5, 


where an, Bij, Ban, and Bans are preference 
parameters that are estimated for n, j= 
1,...,5, s=1,...,16, and D(p)=-1+ 
LB unl Pres For purposes of overall in- 
terpretation, the system of equations (1) de- 
scribes budget shares as a nonlinear function 
of prices, and for any given level of prices, 
budget shares are a linear function of log- 
total expenditure and the qualitative demo- 
graphic variables. Nonlinearity of Engel 
curves (i.e., nonhomotheticity of preferences) 
is represented by budget shares that vary 
with total expenditure size, which is implied 
by nonzero values of Bun n=1,...,5. De- 
mographic differences in demand behavior 
are represented as level differences in budget 


éFor estimation, the parameters of equations (1) are 
subject to integrability restrictions, which assure that (1) 
is consistent with preference maximization for each 
family. These restrictions include adding-up and Slutsky 
symmetry constraints as well as inequality constraints 
which assure the negative semidefiniteness of the matrix 
of compensated price effects (see J-L-S, 1982, for de- 
tails). The resulting estimating equations contain 82 
parameters to be estimated. 
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shares, implied by nonzero values of Bins 
n=1,...,5,5=1,...,16. 

For the detailed parameter estimate re- 
sults and associated analysis, the reader is 
referred to the original J-L-S paper (1982).’ 
Overall features of the results imply substan- 
tial nonlinearities in the Engel curves for all 
commodities, with the capital share increas- 
ing with total expenditure, and all other 
shares decreasing. Demographic effects are 
precisely estimated, and in many cases repre- 
sent large effects on budget share allocations. 
These two features underlie many of the 
differences in the welfare measures to be 
presented. 

For an ordinal representation of the pref- 
erence levels of each family, an indirect util- 
ity function which is consistent with the share 
equations (1) is given as 


(2) avus Ei py ay + (1/2) DB, my 
. J 


n 


+ Ehita] ro D(p,)in Mi; 
s 


where V,, represents the utility level of family 
k at year ż, which is a quadratic function of 
log-prices, log-total expenditure, and demo- 
graphic variables. The differing economic 
needs associated with demographic dif- 
ferences are represented as fixed effects on 
the price elasticities of indirect utility V,,.° 
The minimum expenditure function implied 
by the indirect utility representation (2) is 
given as 


(3) In M( Pus Vues Ax) 


“a Ein pas +(1/2) 


x VB, jin Pit + EBan) —In ul 
i s 


?Table 3; pp. 212-15 contains the parameter values 
used. 

Equation (2) is ordinal to the extent that the actual 
preferences of each family can differ from (2) by a 
family-specific monotonic transformation. Because of 
this, values of utility V are not comparable across 


hy. 
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The Hicksian notion of compensating 
variation is used here for making welfare 
comparisons across families, and is defined 
as follows. In the base period ¢ = 0, welfare 
of the family k is determined by initial 
prices ( pọ), total expenditure ( M,o), and de- 
mographic makeup (Axo). In a subsequent 
period t=1 (say), prices change to p,. The 
compensating variation associated with the 
price change is defined as 


(4) CV,( Po» Pı) = M( p, Vko» Axo) — Myo, 


or the amount of money (positive or nega- 
tive) that one would have to give the family 
in order to make them just as well of as in 
the initial period. Since total expenditure 
may also change from period 0 to period 1, 
define the net compensating variation as the 
difference between the compensating varia- 
tion. and the change in total expenditure as 


(5) NCV,( Po, P1) 


= CV,( Po» P1)~ (Ma a 


where M, is the period ¢ =1 total expendi- 
ture value. If the net compensating variation 
is negative, welfare of the family is increased 
by the price and total expenditure change; if 
positive, welfare is decreased. Dollar value 
comparisons of welfare changes across fami- 
lies can proceed on the basis that a larger net 
compensating variation value indicates a 
family to which a greater amount of money 
must be given to maintain the initial welfare 
level, and in that sense, such a family is 
“worse off” than the family with the smaller 
value. 

While theoretically correct, computed val- 
ues of the net compensating variation (5) can 
be difficult to interpret because negative val- 
ues correspond with welfare gains and posi- 
tive values correspond with welfare losses. 


Myo): 


families without further assumptions, and no such com- 
parability is used in this study. Such comparability is 
required to measure welfare differences along demo- 
graphic dimensions, such as how much expenditure dif- 
ference makes a small family as well off as a large family 
—see Robert Pollak and Terence Wales (1979) on 
this point. 
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Therefore, for ease in interpretation, the ta- 
bles of Section II report dollar values of 
welfare change, defined as the negative of the 
net compensating variation r 


(6) C, = — NCV,( Po» P1). 


The sign of C, corresponds with the direc- 
tion of welfare change—positive values indi- 
cate gains and negative values indicate losses. 
Some further conceptual basis for using C, 
exists: namely when the total expenditure 
budget (and configuration of demographic 
attributes) is unchanged between periods 0 
and 1, C, corresponds with the change in 

“money metric utility” defined with p, as 
reference price vector.” 

Compensating variation measures of wel- 
fare change are based on comparisons made 
with preferences (including demographic 
makeup) held constant at base period levels. 
An alternative measure can be defined for 
varying prices with preferences held constant 
at levels prevailing after the price changes; 
the Hicksian notion of equivalent variation.?® 
Since the application at hand is to measure 
the welfare position of families after the 
actual price changes experienced during the 
1970’s, the above compensating variation 


°This is pointed out in Angus Deaton and Muell- 
bauer (1980, p. 186) as follows. The money metric utility 
with reference price pp is defined as M( pr, Vrs Ak) 
which is an increasing function (i.e., index) of V,. When 
total expenditure is the same in period 1 and period 0, 
then M( Pi, Vpis Ak) = M( Pos Vko, Ax). Thus for refer- 
ence price vector pp = pı, the change in money metric 
utility is 


M( Pis Vpis Ak) MCPs Yor Ak) 
=M (Po Vros An) ~— M (Pi, Vkos Ax) 
=- CV= G. 


10 Net equivalent variations correspond with changes 


in money metric utility with reference price py, and 
thus may be preferable for certain applications, such as 
comparing the welfare impacts of different policies 
yielding several alternative price paths (since the refer- 
ence price py does not vary with alternative values 
of p,). See Deaton and Muellbauer for discussion, as 
well as Paul Samuelson (1974) and John Chipman and 
James Moore (1976, 1980). 
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concepts are used for ease of interpretation, 
with 1970 as the base year for comparison. 

_ Two “single price” welfare cost measures 
are also presented for comparison, that focus 
solely on changes in the price of energy. 
Take energy as commodity 1, with price p,, 
at time ¢, ¢ = 0,1. A typical revaluation mea- 
sure of the cost of the energy price change 
from pio to pı, is the change in cost of 
initial energy purchases: 


(7) R,= (Pi Pro) Xiro- 


The evaluation R, fails to represent overall 
welfare change because it ignores substitu- 
tion behavior, changes in nonenergy prices 
and changes in total expenditures.’! Sub- 
stitution behavior is accommodated in the 
other single price measure; the compensating 
variation associated with the energy price 
change. Let p¥ = (Piv Pr,---» Pso) be the 
price vector with the final energy price but 
initial values of other prices, and define 


(8) S, =CV,( po; pt)- 


The measure S, is a partial cost measure’? 
that can be compared to the revaluation R,. 
Finally, it should be kept in mind that R, 
‘and S, are cost measures of price-change 
impacts—they utilize the sign convention of 
the compensation measure NCV,, opposite 
to that of welfare change C}. 


N The revaluation R, can act as a bound on the 
“single price” compensation measure (8): see my 1985 
paper for discussion of this as well as many classical 
references to this property. 

127 do not use traditional (area) consumer’s surplus 
measures because they only represent approximations to 
the exact compensating variation values, due to the 
presence of income effects. While the conditions under 
which consumer’s surplus exactly equals the compensat- 
ing variation are quite strict (see Chipman and Moore, 
1976), the approximation can be quite close in non- 
pathological circumstances (see Willig, 1976). In this 
regard, Jerry Hausman (1981) has devised a method for 
constructing preference levels from empirically esti- 
mated demand functions, which considerably lessens 
practical interest in consumer’s surplus welfare mea- 
sures. 


JUNE 1986 


B. Data Utilized 


The data utilized for the calculations are 
presented in the Appendix. The nominal price 
data are constructed from the corresponding 
series for personal consumption expendi- 
tures, with the exception of the series for the 
price of capital services, which was con- 
structed separately to maintain comparabil- 
ity with the data used to estimate the J-L-S 
model. All “real” expenditure profile sce- 
narios are constructed with respect to the 
Adjusted Consumer Price Index (ACPD, 
which is constructed by modifying the stan- 
dard Consumer Price Index (CPI) to prop- 
erly include the price of capital services and 
remove prices of durable goods. I include the 
corresponding data on the standard CPI 
for comparison with the ACPI data. All 
nominal and real price series are normalized 
to 1 in 1972. 


H. Measures of the Welfare Changes of 
U.S. Families: 1970-80 


This section presents measures of the 
welfare gains and losses experienced by dif- 
ferent types of families in the United States 
due to variations in the levels of prices from 
1970 through 1980. Part A gives measures 
corresponding to different family total ex- 
penditure profiles and Part B gives measures 
corresponding to different family demo- 
graphic configurations. : 

A number of conventions are utilized in 
the presentation of the results, which are 
summarized as follows. All dollar values are 
annual measures presented in 1972 (con- 
stant) dollars, to facilitate comparisons across 
years, which are easily convertible to another 
base year by the use of the appropriate ACPI 


value. While welfare measures can be com- 


puted for any family income and demo- 
graphic configuration, for comparison I 
utilize a base family with 1970 total expendi- 
ture of $10,000, family size of 3, age of head 


13 The capital services price data are imputed prices 
on annual flow measures of capital services, described in 
fn. 5. The 1970-80 capital services price and quantity 
values were graciously provided by Dale Jorgenson. 
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35-44, Northeast urban residence, and white 
race. The impacts of variation along a par- 
ticular dimension will be analyzed, while 
holding the other dimensions constant at their 
above-base values. 


A. The Effects of Varying Total 
- Expenditure Profiles 


This section studies the effects of family 
income history by presenting welfare mea- 
sures that correspond to differing total ex- 
penditure profiles over 1970-80. Each ex- 
penditure profile can be interpreted as an 
after-tax income profile, provided that sav- 
ings are a stable (family specific) fraction of 
after-tax income. Three broad issues are ad- 
dressed by the results of this section. First, 
how large are the welfare changes experi- 
enced by families with “typical” total ex- 
penditure profiles? Toward this end, Table 1 
presents annual welfare comparisons to 1970 
for constant real total expenditures and ex- 
penditure growth patterns that follow per 
capita income. Second, how do the welfare 
measures vary for families whose total ex- 
penditures grew slowly relative to those 
whose total expenditures grew quickly? Ta- 
ble 2 gives 1970-80 measures corresponding 
with constant nominal total expenditure 
growth rates from 0 to 20 percent. Third, 
what is the effect of differing initial (1970) 
total expenditure levels on the welfare mea- 
sures? Table 3 gives 1970-80 measures corre- 
sponding to different initial expenditure 
levels, each constant in real terms over the 
1970-80 period. 

Table 1 presents the welfare effects of the 
base family with “typical” total expenditure 
growth profiles. Column 4 gives the reval- 
uation measure of the additional cost of 1970 
energy purchases. This series clearly reflects 
the enormous jumps in real energy prices of 
the 1973-74 and 1978-80 periods, as well as 
the gradual real declines in energy prices 
over the 1970-72 and 1976-78 periods. These 
features are also reflected in column 5, the 
(partial) compensating variations of the en- 
ergy price changes. 

Column 1 of Table 1 gives the welfare 
change measures for total expenditures, held 
constant in real terms over the period — 
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nominal total expenditures change propor- 
tionately with the ACPI. Note that relative 
to 1970, the typical family was worse off in 
1972-74 and better off from 1975 to 1980, 
although the gains in 1977 and 1978 are 
negligible. The most substantial improve- 
ment in position relative to 1970 occurs from 
1974 to 1975 and 1978 to 1980. 

In order to understand the source of these 
variations, recall first that total expenditures 
are being held constant in proportion to the 
ACPI. Initially, one might jump to the con- 
clusion that all of the welfare change values 
should be positive because the ACPI is basi- 
cally a fixed weight price index (with weights 
revised every 10 years); however, this conclu- 
sion is unwarranted. The standard argument 
that fixed weight indexation will overcom- 
pensate (because the family can substitute, 
readjusting its budget shares optimally in the 
face of relative price shifts) requires that the 
weights of the price index correspond with 
the initial optimal budget shares of the 
family. Because the welfare change measures 
are computed for a particular family, and the 
weights in the CPI and the ACPI reflect 
average shares in the economy, there is no 
reason why the 1970 optimal budget shares 
for our typical family must coincide with the 
average shares. On this point, the J-L-S model 
implies 1970 budget shares for the typical 
family for energy, food and clothing, capital 
services, consumer services, and other non- 
durables of 3.7, 21.1, 34.3, 25.5, and 15.2 
percent, respectively, whereas the 1970 ag- 
gregate budget shares of these commodity 
groups are 4.6, 21.5, 26.9, 27.5, and 19.4 
percent, respectively. 

With this in mind, the source of the vari- 
ous gains and losses becomes apparent. 
Namely, the losses in welfare in 1972 and 
1973 occur because of the rise in real capital 
prices, which in spite of substitution be- 
havior, is not sufficiently compensated for 
by expenditure growth proportional to the 
ACPI. The changes in position in 1974-75 
reflect the substitution away from energy and 
other nondurables and into capital services 
and consumer services. Finally, the gains in 
welfare for 1979-80 are similarly due to 
substitution away from energy and other 
nondurables into food and clothing, capital 
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TABLE 1— ANNUAL WELFARE CHANGES FROM 1970 To 1980 


(1972 Dollars) 
Partial Cost Measures 
Welfare Change Extra Cost Compensating 
Real Per Family Per Capita of 1970 Variation of 
Expenditure Expenditure Expenditure Energy Energy Price 
Constant Growth Growth Quantities Increase 
Year (1) (2) (3) (4) (5) 
1970 0 0 0 0 0 
1971 13.08 145.08 325.25 — 3.60 — 3.66 
1972 ~73.7 460.47 970.73 — 16.79 — 17.34 
1973 -31.9 559.63 1428.07 —15.47 —16.19 
1974 — 17.24 268.92 1025.04 . 55.15 48.42 
1975 254.14 335.31 1200.10 65.75 56.57 
1976 79.22 494.97 1424.67 62.10 53.75 
1977 0 $87.91 1743.27 59.51 51.73 
1978 — 0.42 712.12 2198.01 50.60 44.79 
1979 150.17 474.01 2308.05 104.64 83.38 
1980 648.31 510.57 2234.72 177.66 ` 124.33 


services, and consumer services. This corre- 
sponds with the strong increases in real prices 
for energy and other nondurables relative to 
the decreases in real prices for food and 
clothing, consumer services, and particularly 
capital services. 

These figures are appropriate for consider- 
ing families whose total expenditures are 
gauged to standard cost of living adjust- 
ments, but this may not represent a sensible 
“typical family” scenario. Toward this end, 
columns 2 and 3 of Table 1 display measures 
that correspond to total expenditure growth 
that follows U.S. average income paths. 

Column 2 gives the annual welfare change 
measures for the base family whose total 
expenditures vary proportionally with aver- 
age income per family. Each year again re- 
flects an improved position relative to 1970, 
although relatively smaller improvements are 
registered for the recession years of 1974-75 
and 1979-80. Substantial substitution gains 
are again evidenced for 1980, as per family 
real average income falls below the 1970 
level, but the net welfare position is improved. 

While per family average income may on 
the surface appear to be a good measure of 
typical experience, its definition renders this 
interpretation somewhat misleading. Because 
unrelated individuals (families of size 1) are 
counted with the same weight as other fami- 


TABLE 2— WELFARE CHANGES FROM 1970 To 1980 
FOR DIFFERENT NOMINAL RATES 
OF EXPENDITURE GROWTH (in 1972 dollars) 


Nominal 
Percentage Welfare Change 

Growth Rate from 1970 
0 — 4745.33 

2.5 — 3455.16 

5 — 1818.42 

6 — 1102.40 

7 — 290.29 

75 142,15 

8 593.09 

9 1553.22 

10 2596.01 
12.5 5606.62 

15 9283.58 

20 19169.60 


lies, a fall in average family income can be 
due to a fall in average family size. In par- 
ticular, from 1970 to 1980, the share of unre- 
lated individuals in total households in- 
creased from 23 to 31 percent, whereas the 
share of unrelated individuals in the total 
(individual) population increased only from 
8 to 12 percent. Consequently, the fall in real 
average family income may just be an artifact 
of the changing demographic mix of the 
United States, and not related to the income 
positions of individual families. To correct 
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TABLE 3— WELFARE CHANGES FROM 1970 To 1980 
FOR DIFFERENT REAL EXPENDITURE LEVELS 
(in 1972 dollars) 
Partial Cost Measures 
Percent Extra Compensating 

Real Total Welfare of Total Cost of Variation of 
Expenditure Change Expenditure 1970 Energy Energy Price 
Level from 1970 Level Quantities Increase 

5,000 . 264.19 5.28 117.93 86.17 

8,000 487.89 6.09 157.10 111.81 
10,000 648.32 6.48 177.63 124.33 
12,000 815.53 6.79 194.78 134.08 
15,000 1076.65 7.17 215.36 144.51 
20,000 1533.47 7.66 238.81 153.06 
25,000 2011.35 8.04 251.64 152.96 


for this, column 3 presents measures com- 
puted on the basis of total expenditures 
adjusted proportionately to real per capita 
income, where averaging is performed over 
the total population of individuals, not 
households. This scenario corresponds to 
total expenditure growth gauged to the num- 
ber of individuals in the family as well as 
economywide income growth. Here the wel- 
fare measures indicate much larger improve- 
ments, corresponding to the net effects of 
substitution together with the substantial real 
growth in per capita income. 

A depiction of the welfare impacts on 
families with high versus low total expendi- 
ture profiles is presented in Table 2, where 
1980 welfare change measures are presented 
for incomes growing at constant nominal 
rates, so, for example, 0 percent corresponds 
to fixed nominal income over 1970-80. Here, 
low levels of nominal income growth register 
substantial losses, which swamp the gains 
available from substitution. The break-even 
nominal growth rate is 7.33 percent, which is 
substantially smaller than the growth rate of 
8.06 percent that would result in the same 
real (ACPI) total expenditure in 1980 as in 
1970. It should be kept in mind that the 
majority of this difference is due to the 
substitution gains made possible by the rela- 
tive price shifts of the 1978—80 period. Large 
growth rates correspond with large gains, 
again swamping the substitution effects. 

Table 3 compares the welfare changes ex- 
perienced by the base family with varying 


1970 initial total expenditures, where each 
total expenditure level grows proportionately 
with the ACPI. Because ACPI total expendi- 
ture adjustment is utilized, all measures 
register gains, with larger gains accruing to 
families with larger initial total expenditure 
budgets. Since energy is not an inferior good, 
the expense of 1970 quantities also rises with 
total expenditure. Moreover, since energy is 
not a luxury good, one might expect that 
substitution gains would decline as a per- 
centage of total expenditure. However, the 
opposite occurs, with the welfare change 
measures representing 5.3 percent of total 
expenditure for families with total expendi- 
tures of $5,000, rising uniformly to 8.0 per- 
cent for families with total expenditure levels 
of $25,000. The reason for this is the sub- 
stantially larger purchases of capital services 
by richer families, with the gains from ex- 
ploiting the decreased price of capital services 
dominating the benefits from shifting away 
from energy.'4 

The overall implication of these tables is 
that welfare measures only indicate large 
losses for families whose total expenditures 


l4Note that the partial cost measures do reflect 
welfare changes that decline in percentage terms. In 
particular, the compensating variation of the energy 
price change represents 1.7 percent of total expenditures 
for families with $5,000 budgets, declining to .6 percent 
of total expenditures for families with $25,000 budgets. 
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TABLE 4— WELFARE CHANGES FROM 1970 To 1980 FOR DIFFERENT FAMILY SIZES 











(in 1972 dollars) 
Partial Cost Measures 
Extra Compensating 
Welfare Cost of Variation of 
Change 1970 Energy Energy Price 
Family Size from 1970 Quantities Increase 

1 813.40 88.91 52.18 
2 697.22 161.39 110.99 
3 648.32 177.63 124,33 
4 614.07 191.59 135.80 
5 605.70 191.97 136.11 
6 571.68 206.58 148.14 
7 or more 541.59 199.53 142.33 


seriously lagged behind inflation, with the 
substitution gains small by comparison to 
losses incurred by families having to rely on 
slowly growing or fixed nominal total ex- 
penditures. The measured benefits to sub- 
stitution vary quite a bit over the 1970-80 
period, with the majority of the exploitable 
substitution gains occuring during the last 
(1978-80) period of large energy price shocks, 
combined with real declines in the prices of 
food and clothing, consumer services, and 
especially capital services. The substitution 
gains themselves vary with initial total ex- 
penditure position in a predictable way, with 
low-income families enjoying a smaller per- 
centage benefit from the substitution away 
from energy toward other commodities, 
primarily capital services. 


B. Varying Demographic Structure 


In this subsection, measures of welfare 
change are presented that correspond to 
families of varying sizes, ages, regions of 
residence, type of residence, and race. There 
are two broad issues addressed by these mea- 
sures. First, since families of differing demo- 
graphic makeup have different needs and 
different observed consumption patterns, the 
welfare changes inherent to the 1970-80 price 
experience may differ dramatically. Second, 
if such welfare changes do vary substantially, 
then the typical family scenarios of Tables 
1-3 are not very informative. In this case, an 
intelligent view of the overall welfare impact 
picture would require explicit recognition of 


both the income and demographic positions 
of families in the economy. As with Tables 2 
and 3, for simplicity I focus on 1970 to 1980 
welfare comparisons. 

The effect of varying family size is pre- 
sented in Table 4. The welfare change mea- 
sures decline with family size, indicating 
smaller welfare gains for larger families. This 
occurs because larger families purchase larger 
amounts of food and other commodities, and 
smaller amounts of capital (housing) services, 
and therefore benefit less from the lower 
price of capital. In other words, given the 
actual price changes, larger families benefit 
less because of their heavier reliance on food, 
clothing, and miscellaneous commodities in 
the budget. This should not be taken to say 
that smaller families are better off in an 
absolute sense than larger families, but just 
that smaller families at a given real total 
expenditure level experienced more substitu- 
tion benefits than larger families at the same 
level of total expenditures. It is natural to 
expect that a one- or two-person family with 
a $10,000 total expenditure budget enjoys a 
higher economic standard of living than a 
family of seven or more persons with a 
$10,000 budget, however, no comparability 
of this type is utilized in the calculations. 

The welfare change measures correspond- 
ing to families with different ages of head are 
presented in Table 5. The substitution ben- 
efits are the greatest for the youngest and 
oldest family types, with the lowest benefits 
accruing to the middle-aged 35-64 group, 
although the differences between the age 
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TABLE 5— WELFARE CHANGES FROM 1970 TO 1980 FOR DIFFERENT AGES OF HEAD 

















(in 1972 dollars) 
Partial Cost Measures 
Extra Compensating 
Welfare Cost of Variation of 
Change 1970 Energy Energy Price 
Age of Head from 1970 Quantities Increasé 
15-24 711.35 160.56 110.32 
25-34 664.55 167.90 116.34 
35-44 648.32 177.63 124.33 
45-54 631.34 186.87 131.92 
55—64 635.23 199.00 141.91 
65+ 674.62 195.12 138.77 
TABLE 6— WELFARE CHANGES FROM 1970 TO 1980 
FOR DIFFERENT REGIONS OF RESIDENCE 
(in 1972 dollars) 
Partial Cost Measures 
Extra Compensating 
Welfare Cost of Variation of 
Change 1970 Energy Energy Price 
Region from 1970 Quantities Increase 

Northeast 648.32 177.63 124.33 
North Central 636.71 217.87 157.44 
South 609.63 212.27 152.81 
West 695.38 157.91 108.02 


groups are small. This is again because of a 
higher reliance by middle-age families on 
food, clothing, and miscellaneous commod- 
ities, and a smaller reliance on housing, with 
less benefits possible from the decrease in the 
capital price. As with the discussion of 
family-size effects, it must be kept in mind 
that these results focus only on age effects, 
holding total expenditure constant at $10,000, 
and therefore do not incorporate any income 
growth with advancing age. 

Measures for differing regions are pre- 
sented in Table 6. The smallest benefit to 
substitution occurs for families in the South 
region of the United States, with the largest 
benefit for families in the West. The dif- 
ferences are quite small, and appear to be 
due to smaller expenditure shares to con- 
sumer services by families in the South, to- 
gether with slightly larger shares devoted to 
other nondurable goods. 


Race effects are profiled in Table 7, where 
marginally greater substitution benefits are 
shown for nonwhites than whites. The con- 
sumption patterns between families with 
white and nonwhite heads differ only by a 
slightly higher capital share for whites com- 
pared to slightly lower shares for all other 
nonenergy commodities. The relative race 
benefit differences for families with the, same 
total expenditure are so slight, however, that 
the joint effects of decline in prices for food 
and clothing, consumer services, and capital . 
services relative to energy and other com- 
modities give the same net gains for each 
type of family. 

The urban-rural residence distinction is 
profiled in Table 8, with rural families show- 
ing a much smaller benefit to substitution 
than urban families. This is surprising be- 
cause rural families devote a much higher 
share of total expenditures to capital and 
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TABLE 7— WELFARE CHANGES FROM 1970 TO 1980 FoR DIFFERENT TYPES OF RACE 























(in 1972 dollars) 
Partial Cost Measures 
Extra Compensating 
Welfare Cost of Variation of 
5 Change 1970 Energy Energy Price 
Race from 1970 Quantities Increase 
White 648.32 177.63 124.33 
Nonwhite 653.35 160.82 110.52 
TABLE 8— WELFARE CHANGES FROM 1970 TO 1980 
FOR DIFFERENT TYPES OF RESIDENCE 
(in 1972 dollars) 
Partial Cost Measures 
Extra Compensating 
Welfare Cost of Variation of 
Type of Change 1970 Energy Energy Price 
Residence from 1970 Quantities Increase 
Urban 648.32 177.63 124.33 
Rural 563.68 259.61 191.89 


energy, and much lower shares to food and 
clothing and consumer services than do urban 
families. Therefore, the net results of the 
1970-80 relative price differences suggest that 
the benefits from the decline in food and 
clothing and consumer service prices out- 
weighed the benefits from the lower capital 
price and (substitution away) from the higher 
energy prices. While it is understandable that 
rural families would benefit less from real 
declines in food and clothing prices, because 
of food and clothing produced in the home, 
the net results are still surprising as to the 
lack of benefits from both the capital price 
decline and substitution away from energy. 
In overview, since families of differing de- 
mographic profiles display quite different 
consumption patterns, the welfare experi- 
ences of such families differ significantly. But 
these welfare differences are by and large 
very small, with only the large family /small 
family distinction rendering differences in 
excess of 1 percent of total expenditure 
($100). Consequently, these differences ap- 
pear very minor in comparison to the mea- 
sures, corresponding to the different total 


expenditure growth profiles of Table 2. 
Therefore, while the demographic effects on 
consumption patterns are important, the 
most substantive welfare changes due to the 
U.S. price experience from 1970 to 1980 
appear much more directly related to differ- 
ing total expenditure profiles over the de- 
cade. 


Til. Conclusion 


This paper presented net compensating 
variation welfare measures of the changes in 
the economic position of U.S. families from 
1970 to 1980. The computations are based 
on an empirical description of individual 
family demand behavior, the translog de- 
mand model of J-L-S. The effects of varying 
income levels, income profiles, family size, 
age of head, region of residence, race and 
urban or rural residence are illustrated and 
discussed. 

While every family in the United States 
has experienced a particular set of changes 
along some or all of these dimensions during 
the 1970-80 decade, the welfare change mea- 
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sures presented in this paper give a fairly 
clear depiction of the important sources of 
welfare gain or loss, namely income profile. 
While families differ significantly in the 
amounts of energy that they consume, by far 
and away the greatest losses or gains are 
associated with overall income variations. 
Families whose nominal incomes are growing 
at a 0-5 percent rate are injured dramati- 
cally when inflation is proceeding at a 7-8 
percent rate, independently of the source of 
the price changes. While families with certain 
demographic attributes may benefit relatively 
more from substitution between commodity 
categories, such benefits are small relative to 
the overall losses or gains of purchasing 
power.'> It is unlikely that the relative distri- 
bution of welfare levels is much affected by 
the substitution possibilities afforded by the 
actual price changes from 1970 to 1980. 
While the exact values of the welfare gains 
presented above depend on the precise em- 
pirical characterization of family preferences, 
one can argue that the broad conclusions 
above apply more generally. In particular, 
the basic demand modeling approach used 
here takes as a proviso that expenditure levels 
can be adjusted costlessly at the margin, 
which may be unrealistic for commodities 
such as housing services. This objection sug- 
gests that the actual substitution possibilities 


available to individual families could be less’ 


flexible than those implied by the estimated 
preference parameters. But in this case, the 


15 Two points not explicitly considered are as follows. 
First, the results of this paper focus primarily on the 
welfare effects from consumption, without looking at 
indirect effect of price changes on the incomes of fami- 
lies, excepting the measures of Table 1 that correspond 
to total expenditure paths following per capita income 
growth rates. While there was some variation in regional 
average income over the decade, it is difficult to isolate 
how much of the variation is due to relative price shifts, 
as opposed to ordinary migration, regional unemploy- 
ment changes, etc. Second, I have not explicitly isolated 
the induced effect of energy price increases on capital 
purchases via weatherization and other conservation 
measures, because the size of this effect appears rela- 
tively small (see Bernard Frieden and Kermit Baker, 
1983, among others). 
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actual welfare gains available from substitu- 
tion would be smaller than those presented 
above. Since there is no obvious reason why 
certain demographic groups would face dra- 
matically larger adjustment costs than other 
groups, there is likewise no obvious reason to 
think that estimated differences in welfare 
impacts across demographic groups are too 
small. Consequently, the broad conclusions 
about the relative distribution of welfare 
levels are not likely affected by the presence 
of costs of substitution, or any other im- 
pediments that render family substitution 
possibilities less flexible. 

In conclusion, the results of this paper 
computationally underline the standard eco- 
nomic policy prescription in the face of price 
changes, namely that the effects of all price 
changes are important. When the price of a 
particular commodity gains attention be- 
cause of rapid escalation, as with energy in 
the 1970-80 decade, it is not sensible to 
focus any policy decisions to affect the 
welfare of families on only that price in 
isolation. All prices must be simultaneously 
considered, together with the relative impor- 
tance of the associated commodities in the 
budget. Transfer mechanisms attached to one 
price, or policies aimed at altering only a 
single price, will necessarily ignore the true 
economic opportunities facing individual 
families. To illustrate this latter point, sup- 
pose that the base family will receive a trans- 
fer payment equal to the additional cost of 
its 1970 energy purchase, which from Table 1 
is $178 (1972 dollars). If the family’s total 
expenditure has remained constant in real 
terms, then the family is better off by $648 
+ $178 = $826 than it was in 1970. However, 
if the family’s total expenditures were fixed 
in nominal terms, then an additional transfer 
of $4745 — $178 = $4567 is required to put it 
in an equivalent economic position as in 
1970. While this example is extreme, it il- 
lustrates the nonsense of a single-price focus. 
Losses experienced during 1970-80 due to 
price behavior should be viewed as problems 
of insufficient income for all goods, and are 
better treated as general poverty problems 
than probiems of critical reliance on a par- 
ticular commodity. 
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APPENDIX: DATA UTILIZED 


Nominal Prices 


Food & Other 
Energy Clothing Nondurables 
1970 0.941 0.931 1.018 
1971 0.972 0.959 1.073 
1972 1.0 1.0 1.0 
1973 1.085 1.099 1.028 
1974 1.407 1.227 1.310 
1975 1.543 1.305 1.585 
1976 1.645 1.342 1.642 
1977 1.781 1.396 1.688 
1978 1.887 1.501 1.824 
1979 2.347 1.625 2.234 
1980 3.019 1.737 2.904 
Real Prices S dollars) 
1970 1.047 1.036 1.133 
1971 1.037 1.023 1.144 
1972 1.0 1.0 1.0 
1973 1.003 1.016 0.951 
1974 1.202 1.048 1.119 
1975 1.232 1.042 1.266 
1976 1.222 0.997 1.220 
1977 1.214 0.952 1.151 
1978 1.189 0.946 1.150 
1979 1.341 0.929 1.277 
1980 1.547 0.890 1.488 
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Terminating Hyperinflation in the 
Dismembered Habsburg Monarchy 


By E_mus WICKER* 


The purpose of this paper is to measure 
the seriousness of the employment effects 
attending the ending of hyperinflation after 
World War I in the territories carved either 
completely or partially out of the Habsburg 
monarchy, notably Austria, Hungary, and 
Poland. Thomas Sargent (1983) has pur- 
ported to show how hyperinflations were 
terminated dramatically in these newly cre- 
ated states without generating output and 
unemployment losses of the magnitude sug- 
gested by some recent estimates of Phillips 
curves. He acknowledged that disinflationary 
measures had the effect of substantially in- 
creasing unemployment, but the increase was 
small by comparison with dire predictions 
implied by certain estimates of the inflation- 
unemployment tradeoff.! 

Sargent inferred from the abrupt ending of 
hyperinflation and the resulting magnitude 
of the employment changes that there was 
no “stubborn, self-sustaining momentum” 
preventing a rapid ending of inflation. He 
argued, moreover, that these alleged facts 
were consistent with the rational expecta- 
tions hypothesis (REH). According to REH, 
future rates of inflation are conditioned by 


*Department of Economics, Indiana University, 
Bloomington, IN 47405. Helpful comments were gener- 
ated by members of the Workshops in Economic His- 
tory at the universities of Illinois and Indiana, especially 
Martin Spechler, Larry Neal, and Georgi Ranki. Bill 
Witte read and criticized several drafts. I owe a special 
debt of gratitude to Nicholas Spulber without whose 
expert knowledge of Eastern Europe I should never have 
undertaken a task that departs from my usual scholarly 
interests. 

‘Sargent refers to a “widely cited estimate,” not 
otherwise identified, that for every one percentage point 
reduction in the annual inflation rate, $220 billion of 
annual GNP is lost (p. 42). It is indeed revealing that in 
summarizing what Sargent recognized as four important 
common features of the ending of four hyperinflations 
(including Germany), he failed to mention the behavior 
of unemployment. 
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agents’ perceptions of long-term government 
monetary and fiscal policies. Whenever there 
is a change in government strategy or policy, 
private economic agents can be expected to 
alter their strategies or rules for choosing 
consumption rates, investment rates, and 
portfolios. In other words, a change in the 
policy regime that is correctly perceived can 
terminate inflation without aggravating un- 
employment effects. Presumably, Austria, 
Hungary, and Poland underwent radical 
monetary and fiscal policy changes to end 
hyperinflation. Since hyperinflation ended 
abruptly without allegedly dire employment 
effects, the evidence, Sargent maintains, is at 
least consistent with the predictions of REH. 

In assessing the merits of Sargent’s hy- 
pothesis, a heavy burden falls on the inter- 
pretation of the unemployment data avail- 
able in Austria, Hungary, and Poland. The 
absence of unemployment percentage esti- 
mates in Sargent’s paper renders it virtually 
impossible to infer anything about the sever- 
ity of unemployment. Nothing follows about 
the severity of unemployment by observing 
solely either the amount or changes in the 
amount of unemployment. I intend to reme- 
dy this shortcoming by estimating unemploy- . 
ment percentages following the introduction 
of monetary reform measures in each of the 
three territories. 

My estimates, deliberately on the con- 
servative side, show unemployment peaking 
in Poland after the introduction of measures 
to end hyperinflation at a little less than 13 
percent; in Hungary at 12 percent and prob- 
ably higher, and in Austria at 7 percent. The 
increased unemployment extended over a two 
to three-year interval; that is, before unem- 
ployment returned to its prereform levels. 
The behavior of the unemployment per- 
centages demonstrates convincingly that the 
measures to end hyperinflation successfully 
in three central European states were at- 
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tended by nonnegligible employment effects 
difficult to reconcile with REH. That the 
efforts to end hyperinfiation did not generate 
dire output effects as predicted by recent 
estimates of the Phillips curve may be a valid 
criticism of contemporary estimates of the 
inflation-unemployment tradeoff, but it in no 
way detracts from the harshness and dura- 
tion of the actual unemployment generated. 
Peter Garber also concluded, contrary to 
Sargent whose study included the German 
hyperinflation, that “there is substantial evi- 
dence of large-scale negative real effects in 
the aftermath of the German hyperinflation” 
(1982, p. 12). 

Section I presents estimates of the unem- 
ployment percentage in Austria, Poland, and 
Hungary. Section H interprets the emergence 
of unemployment with the termination of 
hyperinflation. 


I. Unemployment Percentage Estimates 
A. Termination of Hyperinflation in Poland 


Poland’s first attempt to stabilize the zloty 
at a fixed parity with the dollar was a failure. 
But this attempt to end hyperinflation was 
an unequivocal success. Prices and exchange 
rates remained stable for eighteen months 
following efforts to halt hyperinflation in 
January 1924. It is true that this initial effort 
to peg the exchange rate was unsuccessful 
and that after July 1925, the inflation rate 
once again began to accelerate with the de- 
preciation of the zloty. There was, however, 
no degeneration to a state of hyperinflation. 

A series of drastic measures of monetary 
reform were inaugurated in January 1924 to 
halt hyperinflation. These included a capital 
levy, a progressive income tax, and the end- 
ing of all further note issues by the state. 
Prices and exchange rates abruptly stopped 
rising. The restoration of confidence was 
dramatic; price and exchange rate expecta- 
tions were radically revised downward in 
response to the announcement of the mone- 
tary reform measures. 

In May, the zloty-dollar exchange rate was 
fixed at $1 equal to 5.1826 zl. Difficulties 
began to emerge, however, in 1925. Budget 
receipts were far less than anticipated. Part 
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TABLE 1— APPROXIMATE NUMBER OF UNEMPLOYED 
IN POLAND, 1922-26 











1922 1923 1924 1925 1926° 
January 206% 81 101 176 360 
February b 107 1u 185 
March 152 115 110 184 
April 128 113 95 178 
May 105 94 98 173 
June 87 76 138 172 
July i 85 65 152 175 
August 69 57 165 186 
September 68 52 156 195 
October 61 56 147 214 
November 62 62 152 252 
December 75 68 162 311 





Source: Annuaire Statistique de la Republique Polonaise, 
Office Central De Statistique De La Republique 
Polonaise, 1923, 1924, 1925. 
Note: Shown in thousands. 

*End of month figures. 

>Not available. 

€Not available after January 1926. 


of the explanation for the revenue deficiency 
was the decline in property tax yields due, 
perhaps, to postponement of tax payments 
the result of the previous year’s poor harvest. 
Moreover, the proceeds of the capital levy 
fell far short of the original estimates. The 
budget deficit once again prompted the 
government to issue paper money. The zloty 
began to depreciate in the currency markets. 
The finance minister and head of state 
Ladislas Grabski resigned in November 1925. 
A financial crisis followed in the wake of 
his resignation—large deposit withdrawals 
accompanied by bank failures. Estimated 
total unemployment rose to over 360,000 by 
the beginning of 1926 (Table 1). At the end 
of May 1926, the exchange rate stood at 
10.55 zl. to the dollar, more than double 
what it had been one year earlier. Wholesale 
prices had risen by as much as 50 percent 
between 1925 and 1926. 

Two separate sets of official unemploy- 
ment data exist for Poland in the post-World 
War I period: monthly estimates of the total 
number of unemployed since 1922 (Table 1) 
and monthly estimates of unemployed work- 
ers registered at State Employment Ex- 
changes since 1924 (Table 2). There are no 
Official statistics on the size of the total labor 
force in Poland between the two world wars. 
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TABLE 2— REGISTERED UNEMPLOYED IN POLAND, 1921-26 














1921 1922 1923 1924 1924> 1925 1926 
January 50 56 45 39 18 104 251 
February 50 60 51 42 23 121 301 
March 54 70 61 48 25 134 302 
April 66 62 67 49 26 138 296 
May 63 58 63 50 22 137 272 
June 55 49 57 48 24 132 257 
July 53 42 51 62 30 127 243 
August 55 41 48 120 41 132 223 
September 55 42 43 139 95 143 205 
October 57 40 46 149 107 153 185 
November 57 36 41 131 102 172 168 
December 52 33 35 128 101 204 168 





Source: Annuaire Statistique de la Republique Polonaise, 1920-29. 


Note: Shown in thousands. 


*Unemployment figures for 1921-24 refer to “in the course of the month.” 
1924-26 refer to the beginning of the month. 


Nevertheless, data do exist that will enable 
us to construct annual estimates of the un- 
employment percentage from 1922 to 1930. 
The numerator of the ratio can be derived 
from the number of workers registered at 
State Employment Exchanges and the de- 
nominator from the number of employed 
manual and mental workers insured under 
the compulsory health insurance scheme plus 
the registered unemployed. A brief descrip- 
tion of the nature of the legislation creating 
employment exchanges as weil as com- 
pulsory health insurance may be useful in 
interpreting the estimated unemployment 
percentages. 

In January 1919, Poland established a sys- 
tem of State Employment Exchanges sub- 
ordinate to a central employment service at 
the Ministry of Labor and Social Assistance. 
Employers were required to list all vacancies 
with the Exchanges. But the incentive for 
the unemployed to register did not become 
particularly strong until the introduction 
of compulsory unemployment insurance in 
August 1924. Since the Act provided that 
only unemployed persons registered at the 
State Employment Exchanges were entitled 
to benefits, there was a sizable increase in the 
percentage of registered to total unem- 
ployed; it increased from 22 percent in June 
1924 to 69 percent in September 1924, grad- 
ually rising to 83 percent in December 1925. 
Compulsory unemployment insurance was 


extended to all workers 18 years of age and 
older employed in firms with more than 5 
workers. Coverage included workers in in- 
dustry, mining, metalworking, commercial 
undertakings, communications and trans- 
port. There was a further extension to some 
workers in state-supported enterprises in 
1925. Intellectual or mental workers were 
excluded at first but were made eligible in 
1926. 

Compulsory sickness and maternity in- 
surance was inaugurated in May 1920; the 
coverage was extensive. It included all man- 
ual and nonmanual workers, outdoor work- 
ers, and domestic servants whose wages did 
not exceed 125 zloty ($24) a week; civil 
servants, local government employees, and 
workers engaged in casual employment were 
excluded. Agricultural workers, except those 
in Upper Silesia, were included in a separate 
scheme. Contributions to support health care 
insurance were shared equally between work- 
ers and employers. 

Column 2 in Table 3 shows the number of 
workers eligible for health insurance an- 
nually from 1923 to 1931 excluding Upper 
Silesia. Estimates of the number of workers 
having compulsory health insurance in Up- 
per Silesia are shown in column 3.? Column 


? Estimates for the number of workers having com- 
pulsory health insurance in Upper Silesia were obtained 
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TABLE 3— POLISH UNEMPLOYMENT PERCENTAGE ESTIMATES, 1922—30 
Registered 
Compulsory Health Insurance U bioi oyed Unemployment 
(Excluding Total (Including Total percentage 
Year* Upper Silesia) Upper Silesia (2+3) Upper Silesia) (4+5) (5/6) 

(1) Q2) 8) (4) (5) © 1) 
1922 1416 212 1628 20 1648 1.2 
1923 1602 240 1842 18 1860 96 
1924 1653 248 1901 113 2014 5.6 
1925 1602 240 1842 268 2110 12.7 
1926 1783 267 2050 190 2240 8.5 
1927 1991 299 2290 165 2455 6.7 
1928 2277 342 2619 126 2745 4.6 
1929 2265 339 2604 185 2789 6.6 
1930 2172 338 2510 300 2810 10.7 








Sources: Col. 2: Concise Statistical Year-Book of Poland, 1931, p. 111; Col. 3: Estimated for 1922-38 using actual 
observations on those with compulsory health insurance for Upper Silesia in 1929 and 1930 as a percentage of col. 2; 
(col. 2X15 percent). Quarterly data for Upper Silesia are contained in Concise Statistical Year-Book of Poland, 1930, 
p. 97; Col. 5: Table 2. Estimated for 1922. Registered unemployed does not include nonmanual or “mental workers” 
before 1926. Number of mental workers added to Registered Unemployed for period before 1926. Data for 1926-31: 


Concise Statistical Year-Book of Poland, 1934, p. 118. 


“Data for 1922 refer to January 1, 1923: similarly for 1923-30. 


5 shows the number of registered unem- 
ployed. Adding columns 4 and 5 provides 
the denominator of the unemployment ratio 
(col. 6). Column 7 sets out the estimates of 
the unemployment percentage for Poland. 
The figures for 1922 and 1923 grossly under- 
estimate the unemployment percentage be- 
cause of the low ratio of registered to total 
unemployed before the advent of com- 
pulsory unemployment insurance. Even if we 
assume that the registered unemployed were 
equal to total unemployment, the ratio would 
not exceed 3 percent in 1923. By assuming 
that the same ratio of registered to total 
unemployment prevailed in 1923 as in 1924, 
the unemployment percentage in 1923 would 
stand at 1.9 percent, the basis for the only 
viable comparison with the changes wrought 
in 1925 by the ending of hyperinflation since 
there are no comparable prewar unemploy- 
ment data. The unemployment percentage 
had increased to 5.6 percent by the end of 
1924, an increase of at least 3.5 percentage 


for 1922-28 by applying the percentage of observed 
number of insured workers in Upper Silesia in 1929 and 
1930 to those compulsorily insured in 1929 and 1930 
(excluding Upper Silesia) to figures in col. 2 (Table 3). 


points from the preceding year; it rose to 
12.7 percent in 1925 and did not fall below 
the 1924 level until 1928. 

The facts then are quite clear; the unem- 
ployment effects attending the ending of hy- 
perinfiation in Poland were serious; more- 
over, they were not confined to a: brief time 
interval. The full impact of monetary reform 
was delayed a year until 1925 with diminish- 
ing effects discernible in 1926 and 1927. 

Both the numerator and the denominator 
of the unemployment ratio understate the 
amount of unemployment as well as the size 
of the labor force. There is no reason to 
think, however, that my estimates of the 
unemployment percentages are seriously bi- 
ased either in an upward or downward direc- 
tion, although the Report of the Bank of 
Poland for 1925 as quoted by Bernard 
Blumenstrauch (1932, p. 35) states that un- 
employment reached about 35 percent of the 
workers in industry. The incidence of unem- 
ployment among workers in industry may 
very well have been higher than the average. 
If my estimates err, it is more likely to be on 
the side of excessive caution rather than 
reckless optimism. They are probably the 
best that are attainable given the availability 
of Polish labor statistics. 
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TABLE 4—-UNEMPLOYED IN RECEIPT OF BENEFITS IN AUSTRIA: MONTHLY, 1922-26 








19214 1922 
January 34 
February 43 
March 10 42 
April 44 
May 39 
June li 33 
July 31 
August 31 
September ll 38 
October 58 
November 83 
December 17 117 





1923 1924 1925 1926 
161 120 187 231 
167 126 189 229 
153 107 176 202 
132 83 148 173 
108 69 131 155 
93 64 118 151 
87 66 117 152 
84 74 116 151 
79 78 119 148 
16 89 131 151 
79 113 159 169 
98 154 208 205 





Source: Statistisches Handbook Fur Die Republic Osterreich, 1925, p. 120; 1927, p. 142. 


Note: Shown in thousands. 


*Data are only available quarterly for 1921. 


Sargent inferred that the increase in unem- 
ployment in late 1924 was 


not in order of magnitude worse than 
before the stabilization, and certainly 
not anywhere nearly as bad as would 
be predicted by application of the same 
method of analysis that was used to 
fabricate the prediction for the contem- 
porary United States that each per- 
centage point reduction in inflation 
would require a reduction of $220 bil- 
lion in real GNP. {p. 73] 


But we have to go back two years or more to 
December 1921 and March 1922 to find 
comparable numbers of unemployed. That 
says nothing about the substantial increase 
—more than 3.5 percentage points—in the 
second half of 1924 coincident with the mea- 
sures enacted to end hyperinflation. More- 
over, Sargent failed to recognize that the 
consequences of attempting to stabilize the 
price level persisted into 1925 and 1926, 
thereby underestimating the total employ- 
ment effects of terminating hyperinflation. 


B. Termination of Hyperinflation in Austria 


Austria is another example where hyperin- 
flation was brought to a halt dramatically in 
September 1922 with the advent of monetary 
reform. But the employment effects were less 
severe than the Polish episode. Sargent rec- 
ognized that there was a striking increase in 


TABLE 5— REGISTERED UNEMPLOYED IN AUSTRIA 
MONTHLY, 1924-26 





1924 1925 1926 
January 151 219 254 
February 156 221 251 
March 139 210 225 
April 114 183 194 
May 102 162 177 
June 92 149 173 
July 98 150 174 
August 109 149 177 
September 109 152 177 
October 121 167 181 
November 146 197 202 


December 184 243 241 


Source: Statistisches Handbook Fur Die Republic Oster- 
reich, 1927, p. 142, 
Note: Shown in thousands. 


unemployment, but, in the absence of unem- 
ployment percentages, he judged its harsh- 
ness solely by contrast with what unem- 
ployment might have been if estimated by 
applying the 1 percent drop in inflation, 
$220 billion in lost output rule. We ought to 
be able to do better than that. 

Continuous monthly data on unemploy- 
ment in Austria are available since 1922 from 
the Unemployment Insurance Service. Two 
separate series are reported. From 1922 on- 
wards data are reported on unemployed per- 
sons receiving relief payments (Table 4). Be- 
ginning in 1924 the registered unemployed as 
well as persons receiving unemployment ben- 
efits are reported separately (Table 5). The 
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TABLE 6— UNEMPLOYMENT PERCENTAGE AND REAL GNP ESTIMATES FOR AUSTRIA 
ANNUALLY, 1913 AND 1920-37 


Working Registered 
Population Unemployed 

(i) (2) 
1913 3470 70 
1920 
1921 - - 
1922 - - 
1923 - - 
1924 3298 188 
1925 3263 220 
1926 3235 244 
1927 3260 217 
1928 3294 . 183 
1929 3282 192 
1930 3221 243 
1931 3111 334 
1932 2959 468 
1933 2852 557 
1934 2845 545 
1935 2874 515 
1936 2874 515 
1937 2925 464 


Labor Real GNP 
Force Unemployment (1937 Prices) 
()+() Percentage (million) 
83) © (6) 

3540 2 10,802 
7,175 
- ~- 7,942 
- - 8,657 
- ~ 8,562 
3486 54 9,565 
3483 6.3 10,211 
3479 7. 10,378 
3477 6.2 10,697 
3477 53 11,194 
3474 5.5 11,358 
3464 T: 11,042 
3445 9.7 10,154 
3427 13.7 9,107 
3409 16.3 8,803 
3390 16.1 8,875 
3389 15.2 9,056 
3389 15.2 9,321 
3389 13.7 9,822 


Source: A. Kansel, N. Nerveth, and H. Seidel (1965, pp. 38 and 44). Martin Spechler 
brought this important reference to my attention. 


Note: Cols. 1—3 shown in thousands. 


Austrian Institute for Economic Research 
has published data on unemployment and 
the size of the labor force with which to 
compute unemployment percentages. These 
data for the years 1913 and 1924-37 appear 
in Table 6. An International Labour Office 
study (1925, p. 90) estimates unemployment 
in 1913 at 2 percent, but the average per- 
centage was probably nearer 4 for the few 
years immediately preceding World War I 
(1910-14). 

Unemployment began to accelerate from 
the time the Austrian Crown stablized in 
August 1922 to February 1923 (Table 4). We 
have no estimates of the unemployment per- 
centage from 1914 to 1924. Nevertheless, the 
Austrian Trade Union Committee undertook 
to determine the percentage of totally and 
partially unemployed among some 600,000 
members of various workers’ organizations 
in December 1922; the results of the survey 
as revealed in an International Labour Office 
report showed that 33 percent were totally 
unemployed and 22 percent were partially 
unemployed (pp. 89-90). This large number 
of unemployed trade unionists is not re- 


flected in Table 4—the unemployed in re- 
ceipt of .benefits—where the number of un- 
employed is stated to be 117,000. I do not 
know what the total unemployment per- 
centage was in either 1922 or 1923, other 
than to say that it had begun to rise. Accord- 
ing to Table 6 it reached a peak of 7 percent 
in 1926 and did not fall much below the level 
attained in 1924 thereafter. The increases in 
unemployment during the winters of 1924-25 
and 1925-26 can be attributable largely, 
though not entirely, to the earlier measures 
of monetary reform. 

These estimates are probably too low be- 
cause all of the unemployed. were not reg- 
istered at the Employment Exchanges. Tak- 
ing average unemployment to be at least 3 
percent in 1921, the currency stabilization 
policies resulted in at least a 4 percentage 
point increase in the unemployment per- 
centage, a not insignificant increase assign- 
able to currency reform. 

What is even more to the point, however, 
is the behavior of the real GNP as set out in 
column 5 of Table 6. Real GNP declined 
1 percent in 1923 (currency reform intro- 
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duced in September 1922), but rose 10 per- 
cent in 1924, 7 percent in 1925, and 1.6 
percent in 1926. The increase in unemploy- 
ment was not mirrored in the behavior of 
output! 

The Austrian case is the only one of the 
three countries where output figures are 
available. Even if Sargent underestimated the 
unemployment effects of terminating hyper- 
inflation, he probably omitted inadvertently 
the positive effects of currency stabilization 
on output. Annual data, of course, conceal 
the output effects observable only on a 
quarterly basis. We do not know, for exam- 
ple, over how many quarters of 1923 and 
1924 that stabilization exerted a depressing 
effect on output, or how depressing the ef- 
fects were. 


C; Termination of Hyperinflation in Hungary 


Inflation was terminated in Hungary in 
June 1924 as it was in Austria earlier by 
monetary reform supervised and imple- 
mented by the Financial Committee of the 
League of Nations. The League proposed a 
loan to Hungary to cover the country’s 
budget deficit until receipts and expenditures 
were once again equilibrated. Budget balance 
was achieved by July 1, 1924, and no further 
releases were necessary from the reconstruc- 
tion loan. When the new central bank was 
opened on June 23, 1924, the Hungarian 
crown was stabilized in relation to the pound 
sterling (346,000 crowns to one English 
pound). In the year following stabilization, 
the gold reserve increased threefold. The re- 
tail price index fell 17 percent. Arthur Salter 
identified the less favorable factors attending 
the demise of inflation as a) “a considerable 
number of bankruptcies” and b) “some un- 
employment due to the process of adjust- 
ment to the new conditions of stabilization” 
(1926, pp. 29-30). 

The effects of deflation are evident in the 
behavior of the amount of unemployment. 
The measurement of total unemployment in 
Hungary is complicated by the absence of 
official estimates except those derived from 
the Census of Population at the end of 1920. 
At that time, unemployment stood at 40,115 
in Budapest and 65 other industrial towns. 
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TABLE 7— UNEMPLOYED TRADE UNIONISTS 
IN HUNGARY, 1922-25 








Unemployment 
Democratic 
Socialist Union 
Total Membership 
Unemployed Democratic- 
Year Trade Unionists Social Union 
1922 
2 December 27,287 7.4 
1923 
January? - 
February? - 
31 March 18,650 8.5 
28 April 19,481 8.5 
26 May 12,083 13.7 
June’ . - 
28 July 13,349 6.5 
31 August 10,870 5.3 
29 September 13,422 6.6 
27 October 13,227 6.5 
30 November 15,409 8.1 
31 December 15,432 5.1 
1924 
26 January 17,643 10.3 
29 February 23,760 14.4 
30 March 22,436 13.6 
26 April 22,327 11.6 
31 May? 23,412 11.7 
28 June 25,574 12.8 
26 July 30,004 15. 
31 August 32,059 15. 
27 September 29,377 13.5 
31 October 32,299 15.7 
29 November 33,028 16. 
© 27 December 34,844 17.3 
1925 
31 January 38,457 20.2 
28 February 38,206 | 20.3 
28 March 38,191 20.5 
25 April 37,682 20.2 
30 May 35,246 - 
27 June 35,210 - 
July 33,063 - 
August 28,217 - 
September 26,111 ~- 
October 23,771 - 
November 27,488 - 





Source: Revue Hongroise De Statistique (1923-1925). 
*Not available. 
> Figures for Christian-Social Union are included. 


Beginning in December 1922, however, we 
have continuous monthly estimates of the 
unemployed among trade union members. 
These data are available in Revue Hongroise 
De Statistique published by the Central Sta- 
tistical Office. Trade union membership is 
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TABLE 8— TRADE UNION UNEMPLOYED, WORKERS WITH COMPULSORY HEALTH INSURANCE, AND 
UNEMPLOYMENT PERCENTAGE ESTIMATES: QUARTERLY, HUNGARY, 1924—26 














Observed 
Number of Trade Percent Percent Percent 
Members Union Unem- Unem- Unem- Percent Unem- 
Compulsorily Unem- ployed 15x ployed 2x ployed 2.5xX ployed 
Insured ployment (2/1) Col.2 (4/1) Col.2 (6/1) Col.2 (8/1) 
Q) (2) (3) (4) (5) (6) 0) (8) (9) 
1924 
31 March 726,281 22,436 3.1 33,654 46 44,872 6.2 56,090 7.7 
28 June 724,119 25,574 3.5 38,361 5.3 51,148 7.1 63,935 8.8 
27 September 724,777 29,377 41 44,066 6.1 58,754 8.1 93,443 10.1 
31 December 690,391 34,844 5. 52,266 7.6 69,688 10.1 87,110 12.6 
1925 
31 March 659,123 38,191 5.8 57,287 8.7 76,382 11.6 95,478 14.5 
30 June 661,012 35,210 5.3 52,815 8. 70,420 10.7 88,025 13.3 
30 September 685,526 26,111 3.9 39,166 5.1 52,222 7.6 65,278 95. 
31 December 650,740 27,984 4.3 41,976 6.5 55,968 8.6 69,960 10.8 
1926 
31 March 681,880 30,918 4.5 46,377 6.8 61,836 9.1 77,295 11.3 
30 June 698,770 27,048 3.9 40,572 5.8 54,096 7.7 67,620 9.7 
30 September 734,127 21,332 2.9 21,998 4.4 42,664 5.8 53,330 7.3 
31 December 703,514 22,332 3.2 33,498 4.8 44,664 6.3 $5,830 79 








Source: Cols. 1 and 2: Revue Hongroise De Statistique, 1928. 


confined to the Social-Democratic and Chris- 
tian-Social unions. Membership in the larger 
of the two trade unions, the Social-Dem- 
ocratic, was 203,000 in 1922; according to 
Josef Vago, it had fallen to 179,000 in 1924 
(1925, p. 347). These estimates cover workers 
who paid their union subscriptions but omit 
the unemployed and the sick who were ex- 
empt. Membership in the Christian-Social 
trade union probably did not exceed 16,500 
in May 1924 when unemployment data for 
that union were first published. Table 7 shows 
monthly unemployment data for the Social- 
Democratic trade union from December 1922 
through April 1924. After that date the figures 
include the unemployed members of the 
Christian-Social union as well. The last col- 
umn shows the percentage of unemployed 
Social-Democratic trade unionists to total 
Social-Democratic membership from Decem- 
ber 1922 to April 1925. Monthly member- 
ship data for the Christian-Social union were 
not available. The data reveal clearly a deci- 
sive and substantial increase in unemploy- 
ment among trade unionists beginning in 
May 1924—both in terms of absolute num- 
bers and percentages. 

The economic significance of these data 


resides in the proportion of membership in -` 


trade unions to the total number of workers 
in commerce, mining, and industry. Since we 
do not know the actual number of workers in 
these activities, we must be content with a 
good proxy. Data on compulsory sickness 
and accident insurance exist since 1922 and 
may serve as an approximation to the total 
number of workers in commerce, industry, 
and mining although the figures do not 
include domestic servants and railway em- 
ployees. Trade union membership including 
unemployed trade unionists constituted 
around 30 percent of those compulsorily in- 
sured in 1924. But it does not follow neces- 
sarily that total unemployment was 3} times 
the amount of trade union unemployment. 
Any estimate of the relationship between 
total unemployment and trade union unem- 
ployment is problematic, but a conservative 
estimate would suggest a multiple of less 
than 3 but greater than 1. I have arbitrarily 
selected 1.5 at the low end and 2.5 at the top, 
and constructed estimates of total unemploy- 
ment quarterly from 1924 through 1926 (Ta- 
ble 8). From these new unemployment esti- 
mates, I have constructed unemployment 
percentages using quarterly data on the total 
number of workers subject to compulsory 
sickness and accident insurance. 


~ 
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The unemployment percentage rises from 
a low of 4.6 in March 1924 using the 1.5 
multiplier, to a high of 8.7 percent in March 
1925. It does not return to the 4.6 level again 
for two and one-half years. Employing a 
slightly more generous but still conservative 
multiplier of 2.5, the unemployment ratio 
rises from 7.7 percent in March 1924 to a 
high of 14.5 percent in March 1925. 

It is not at all implausible to consider a 
multiplier of three, but I have deliberately 
preferred to err, if indeed I have erred, on 
the side of prudence and caution. However, 
raising the multiplier to three would raise the 
unemployment percentage from 9.2 in March 
1924 to 17.4 percent in March 1925. 

Another indicator of the behavior of un- 
employment in Hungary is available from 
the Office of Public Placement where annual 
data are recorded on employer job offers, 
demand for jobs, and placement (Table 9). 
The severity of the unemployment situation 
in 1925 and 1926 is indicated by the marked 
rise in the ratio of the demand for jobs 
(registered unemployed) relative to jobs 
available (employer job offers); that is, from 
135 in 1924 to 181 in 1925. The increase in 
the ratio was due primarily to the 31 percent 
decline in employer job offers. 

One advantage of the trade union data is 
that it is possible to measure the incidence of 
unemployment among various classifications 
of workers. Unemployment in the Demo- 
cratic-Socialist union increased from 23,760 
in February 1924 to 36,764 a year later, a net 
increase of 13,000. Table 10 shows ap- 
proximately 80 percent of the net increase 
can be accounted for by the behavior of 
unemployment among four categories of 
workers. The most striking thing about these 
figures is the extraordinary increase in the 
number of unemployed in the financial sec- 
tor—31.5 percent of the total net increase of 
13,000. All of this increase can be attribut- 
able to the ending of hyperinflation which 
had increased substantially the money market 
as well as other operations of the commercial 
banks. The numbers of private banks, bill 
brokers, and commission agents had also 
increased in response to the acceleration of 
the rate of inflation. With the ending of 
hyperinflation and the subsequent reduction 
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TABLE 9— EMPLOYMENT OFFERS, DEMAND FOR JOBS, 
AND PLACEMENT 











Ratio of 
Job Demand Job Col. 2 to 
Offers for Jobs Placement Col. 1 

Year Y 6) 4) 
1918 45 45 26 100 
1919 97 67 34 69 
1920 91 114 48 125 
1921 87 116 55 138 
1922 103 116 61 113 
1923 80 105 52 131 
1924 78 105 49 135 
1925 54 98 39 181 
1926 59 100 42 170 





Source: Revue Hongroise De Statistique (1927, p. 753). 
Note: Shown in thousands. 


TABLE 10— INCIDENCE OF TRADE UNION 
UNEMPLOYMENT AMONG VARIOUS WORKER 
CLASSIFICATIONS: FEBRUARY 1924 TO FEBRUARY 1925 








Net Increase Percent of 
in Number Total Net 
Unemployed Increase 
1. Construction Workers 1926 14.8 
2. Iron Workers 1726 13.3 
3. Employees of Financial 

Establishments 4093 31.5 
4. Woodworkers 2299 17.7 
Total 10,044 773 





Source: Revue Hongroise De Statistique (1925), 


in the scale of bank operations, large num- 
bers became redundant. In Budapest alone, 
Vago estimated that of the 12,000 bank offi- 
cials, at least 4,000 were given termination 
notices in 1924 (p. 350). In Austria, perhaps 
as many as 10,000 bank employees lost their 
jobs. 

The impact on the building industry was 
likewise severe, but less so than on em- 
ployees of the financial sector. Tight money 
policies engendered by the stabilization mea- 
sures contributed to curtailing activity in the 
building industry including the slate and ce- 
ment industries as well. 

There is an additional source of data on 
unemployment in Hungary that derives from 
the Hungarian Employers Association which 


y 
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TABLE 11--NUMBER OF WORKERS EMPLOYED IN ORGANIZED FACTORY INDUSTRIES 
1923 AND 1924 IN HUNGARY 
End 1924 

Industry 1923 May June July Aug. Sept. Oct. Nov. Dec 
Coal Mining 55 55 55 55 50 49 47 46 45 
Engineering 50 44 42 41 39 39 39 39 38 
Ironware 3 3 2 2 2 2 2 2 2 
Wood 10 9 8 7 7 7 7 7 7 
Textiles 22 22 22 22 22 22 22 22 32 
Chemical 22 19 15 14 14 14 14 14 14 
Leather 5 5 5 5 5 5 5 5 5 
Boots and Shoes 11 10 9 9 9 8 7 8 8 
Printing 6 6 5 5 5 5 5 5 5 
Bookbinding 2 2 2 2 1 1 2 2 2 
Lithography 1 1 1 1 2 2 1 1 1 
Brickworks 16 16 12 9 2 2 1 1 4 
Building 7 5 5 5 4 3 3 3 3 
Glass 1 1 1 1 1 1 1 1 1 
Milling 

(Budapest) 2 2 2 2 2 2 2 2 2 
Total 213 200 186 180 164 162 158 158 165.4 
Increase (+) or 

Decrease (— } 

from the 

Previous Month -13 —14 —6 —16 ~2 —4 0 +74 


Source: Vago (p. 354). 
Note: Shown in thousands. 


began to publish figures in May 1924 on the 
number of workers employed by its mem- 
bers. There is a benchmark estimate for the 
end of 1923 as well (Table 11). The decrease 
in the number of employed workers is not a 
reliable indicator of the increase in unem- 
ployment because some of the discharged 
workers may have found employment in 
agriculture and other branches of industry. 
But the data do show that employment re- 
ductions were greatest in coal mining, en- 
gineering, chemicals, building, and brick- 
works. The sharp reductions in chemicals 
and the engineering industries are not re- 
flected in the trade -union figures probably 
because of the relatively small share of 
organized to unorganized workers in these 
industries. The trade union data (Table 10) 
show only 263 unemployed in the chemical 
industry whereas the Employers Association 
reveals a reduction of over 17,000. Similarly, 
the trade union data show little or no change 
in unemployment in the iron and engineering 
industry, but the . Employers Association 
shows a decline of over 12,000. 


Il. Interpretations of the Unemployment Increase 


In Section I, I attempted to show that the 
real effects of terminating hyperinflation in 
Austria, Hungary, and Poland were substan- 
tial as measured by the behavior of the un- 
employment percentage. I identified some 
especially strong influences that contributed 
to the emergence of unemployment in the 
wake of monetary reform. The reduction in 
the size of bank operations resulting from 
the ending of hyperinflation led to a sharp 
cutback in the number of employees of 
financial institutions in both Austria and 
Hungary—4,000 in Hungary, 10,000 in Aus- 
tria. The attempt to curb budget deficits 
likewise led to a drastic reduction in the 
number of redundant government em- 
ployees, 85,000 in Austria alone, and 38,000 
in Hungary. Increased unemployment in the 
construction industry can be attributable in 
large part to high real rates of interest ini- 
tiated by the newly established central banks 
as part of the monetary stabilization pro- 
grams. 


360 THE AMERICAN ECONOMIC REVIEW 


There were other considerations contrib- 
uting to the increase in unemployment that 
arose directly out of the monetary reform 
measures. One of these was the alleged over- 
valuation of the Polish zloty in relation to 
the dollar. The first series of monetary re- 
forms in 1924 included a provision to define 
the dollar as equal to 5.18 zl. But six months 
after the currency reform, Polish prices be- 
gan to rise at a faster pace than world prices 
thereby creating an import premium which 
was immediately reflected in an adverse trade 
balance. 

Ragnar Nurske (1944) maintained that the 
principal cause of the disequilibrium was the 
unusually poor harvest of 1924; Polish crops 
in that year were nearly 33 percent less than 
normal. The rise in food imports necessitated 
by the crop failure aggravated the existing 
pressure on the balance of payments which 
led eventually in July 1925 to the fall of the 
zloty. According to Nurske, exchange stabil- 
ity could have been maintained “if Poland 
has [sic] possessed a monetary reserve ade- 
quate to bridge a transitory gap of this sort” 
(p. 26). An improvement in the harvest in the 
following year would have removed the 
source of the instability. To Feliks Mlynar- 
ski, Vice-President of the Bank of Poland, 
the fall of the zloty was unavoidable. Since 
Poland had been unsuccessful in floating an 
American loan, she was unable to cover the 
budget deficit generated by an unsatisfactory 
grain crop. Mlynarski wrote: “The stabiliza- 
tion of the currency in Poland—strange as it 
may seem—in July 1925 broke down be- 
cause of a lack of 15 million dollars” (1926, 
p. 62). 

Unlike Austria and Hungary, Poland un- 
dertook to stabilize her currency without in- 
tervention of the League of Nations. A for- 
eign loan commitment was not, therefore, 
part of the initial Polish stabilization plan. 
The monetary reserves of the Bank of Poland 
were not adequate to withstand the tem- 
porary shock of the failure of the grain crop. 


3Jack Taylor has argued that economic recovery was 
not possible as long as the zloty remained overvalued, 
but he provided no evidence to support his contention 
(1952, p. 39). 
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The effect of the fall of the zloty was a 
substantial contraction of imports. The gold 
value of monthly imports fell by about one- 
half in the second half of 1925—-exports fell 
by one-fourth. In November the Premier 
Ladislas Grabski resigned. A financial crisis 
ensued. Twenty medium-sized and small 
banks failed or went into liquidation despite 
the efforts of the government to save them. 
Unemployment accelerated. 

The interpretation of the increase in un- 
employment in Austria is not unambiguous. 
Some of the increase was undoubtedly due to 
delayed effects of major structural changes 
that had occurred when the Austro-Hun- 
garian Empire was dismembered. One-third 
of Austria’s 6 million inhabitants were con- 
centrated in Vienna, once the banking, com- 
mercial, and administrative center for a 
nation of 29 million people. The huge 
bureaucratic apparatus centralized in the 
capital city of Vienna had become redun- 
dant. The elimination of superfluous civil 
servants and workers in state undertakings 
was inevitable though the process was neces- 
sarily accelerated by monetary and financial 
reform. The number of redundant govern- 
ment officials should not be underestimated. 
The Commissioner General’s report shows 
that the Austrian government had agreed to 
a League of Nations proposal to dismiss 
100,000 officials before July 1, 1924 (1923, 
pp. 4-5). The target, however, was not met. 
By that date only 68,331 had been dis- 
charged. Even at the time of the final report 
(1926) of the Commissioner General of the 
League for Austria (June 30, 1926), a total of 
85,000 jobs had been terminated. Neverthe- 
less, the number of dismissals was impressive 
and exacerbated unemployment following the 
advent of the stabilization measures. 

Further contributing to the increase in un- 
employment was the dismissal of 10,000 bank 
employees who lost their jobs in 1924 due to 
the sharp contraction of bank operations with 
the terminaton of hyperinflation. 

W. T. Layton and Charles Rist, who were 
invited by the League to make a comprehen- 
sive report on the situation of Austria, con- 
cluded that the real explanation for the in- 
crease in unemployment in the winter 1924- 
25 was the spur to efficiency engendered by 
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the ending of hyperinflation. They reasoned 
that business firms now had the inducement 
to become more cost efficient since they could 
not simply pass an increase on in the form of 
higher prices. They concluded: “Reorganiza- 
tion in the factories is thus the chief explana- 
tion of the apparent anomaly that unemploy- 
ment has increased side by side with steady 
improvement in economic activity” (1925, 
pp. 16-17). 

The rise in unemployment in Hungary, we 
attempted to show, was associated with sharp 
reductions in the scale of bank operations 
and activity in the iron and building trades 
induced primarily by stabilization policies. 

Some of these influences, though not all, 
can be labelled longer-run structural consid- 
erations that came “home to roost” only 
after hyperinflation had ended. For example, 
the dismemberment of the Austro-Hungarian 
Empire drastically reduced the size of do- 
mestic markets. The population of the new 
Hungarian state was 8 million compared to 
20 million in the old. The reduction in the 
number of government employees in both 
Austria and Hungary, though timed to coin- 
cide with the removal of budget deficits and 
monetary stabilization, can be attributed to 
dismemberment. Moreover, the abolition of 
the Customs Union within the old Habsburg 
monarchy and the resurgence of the imposi- 
tion of tariffs changed radically the structure 
of trading relationships among the successor 
states. It would not be easy to ferret out the 
degree to which each of these factors affected 
poststabilization unemployment. 

In addition to what I have labelled struc- 
tural and monetary reform explanations for 
the increase in unemployment, two ad- 
ditional factors deserve some consideration: 
the role of unemployment insurance benefits, 
and the effects of the ending of the German 
hyperinflation on the contiguous economies 
of Austria, Poland, and Hungary. 

Among the many factors affecting the de- 
cision to work is the amount of unemploy- 
ment insurance benefits available. The more 
liberal the benefit payments, the greater the 
time and effort devoted to job search. More- 
over, if unemployment insurance raises the 
benefits of unemployment above the value of 
the workers’ marginal product, the employer 
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may be induced to increase the number of 
layoffs rather than vary the wage. Daniel 
Benjamin and Lewis Kochin (1979) have 
argued persuasively that levels of unemploy- 
ment in interwar Great Britain can be 
explained by the ratio of unemployment in- 
surance benefits to wages and the continual 
liberal extension of eligibility requirements. 
Benefit-wage ratios averaged above 50 per- 
cent for much of the interwar period 
(1923-38). They emphasize, however, three 
special features of the British system that 
were conducive to lowering the level of 
desired unemployment: 1) worker insurance 
contributions were unrelated to past unem- 
ployment experience; 2) benefits were not 
tied to wages; and 3) benefits were payable 
for unemployment spells as short as one day 
(see pp. 446-47). 

Government unemployment insurance 
schemes existed only in Austria and Poland. 
In Hungary trade unions paid some inde- 
terminant amount of benefits to their unem- 
ployed members. Unemployment insurance 
in Austria applied to all workers except those 
engaged in agricuiture, forestry, domestic 
service, and industry in certain rural dis- 
tricts. Benefits beginning in the eighth day of 
unemployment were granted originally for a 
period not exceeding 12 weeks per annum 
for unemployed persons who had worked at 
least 20 weeks during the preceding two years. 
But heavy unemployment in 1924 and 1925 
led to an extension of the period to a maxi- 
mum of 42 weeks. Benefits were stipulated in 
the form of daily allowances: unmarried 
workers received a flat rate of 2 schillings a 
day up to 3.1 schillings per day for married 
workers with three or more children. The 
average amount of the benefit was as low as 
2.21 schillings per day. Since payments were 
not expressed as a percentage of wages, it is 
more difficult in the case of Austria to calcu- 
late an average unemployment benefit-wage 
ratio. Estimates indicate that highly skilled 
workers received an average wage of 45 to 50 
schillings a week, skilled assistants 35 schill- 
ings, and women between 15 and 20 schill- 
ings. There are no estimates for unskilled 
workmen. Assuming the benefit payment for 
unmarried skilled workers is 14 schillings a 
week, that would imply a benefit-wage ratio 
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of 28 percent and for unmarried women a 
ratio between 70 and 90 percent! Beginning 
in September 1925 insurance recipients could 
receive no more than 80 percent of their 
weekly wage when fully employed. Layton 
and Rist explain the introduction of the ben- 
efit ceiling: “We understand that this limita- 
tion was introduced in order to prevent ben- 
efits discouraging the unemployed from seek- 
ing work in the open market. The percentage 
difference between the ruling wages on the 
market and unemployment benefits is smaller 
in Austria than in Germany and Poland” 
(p. 105). 

Willingness to work was tested by requir- 
ing that the unemployed appear at least twice 
a week at the labor exchange. Exchange offi- 
cials had the right to send the unemployed to 
fill vacant positions. The administration of the 
insurance fund was in the hands of industrial 
commissioners. In Vienna, for example, there 
were 50 comptrollers each of whom visited 
between 18 and 20 unemployed workmen a 
day. Layton and Rist (p. 105) concluded that 
in Vienna and large industrial districts, 
surveillance of the unemployed was good, 
unlike smaller country districts where it was 
less efficient. 

Unemployment insurance in Poland was 
introduced in September 1924. Benefits for 
unemployed single workers amounted to 30 
percent of wages up to a maximum of 5 zloty 
a day. Unlike Austria where the benefits 
were computed on a flat-rate basis, benefits 
were calculated as a percentage of total wages 
and graduated by the number of dependents. 
Single unemployed workers received 30 per- 
cent of wages up to a maximum of 5 zloty a 
day and as much as 50 percent for workers 
with 5 dependents. A single unemployed 
worker received no more than 1.5 zloty a 
day. Benefits were payable after the tenth 
day from the date of registration at the 


unemployment exchange and extending for . 


not more than 13 weeks in each year. To 
qualify, the recipient must have worked for 
at least 20 weeks during the year preceding 
the unemployment spell. 

Since there was no government unemploy- 
ment in Hungary, it cannot explain the 
behavior of unemployment. And the Polish 
scheme was neither generous enough in terms 
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of benefit payments nor length of coverage 
to have had a perceptible influence on the 
behavior of unemployment. The 30 percent 
benefit-wage ratio was close to Benjamin and 
Kochin’s zero-effect level for Great Britain in 
the interwar period; they estimated that a 
benefit-wage ratio of .27 or below had no 
influence on desired employment. The situa- 
tion in Austria was quite different. As in 
Great Britain, benefits were computed on a 
flat-rate basis, that is, not tied to wages. And 
the benefit-wage ratio was very generous 
indeed, especially for the lower paid workers. 
In Britain the maximum duration of cover- 
age was 26 weeks during the heaviest unem- 
ployment spells between October 1931 and 
late 1934, whereas in Austria in 1924-25 the 
maximum period was 42 weeks. The argu- 
ment that unemployment insurance might 
have affected worker preference for employ- 
ment is at least plausible in the case of 
Austria, but any firm conclusions must await 
further empirical testing. 

Another consideration that conceivably 
might have affected levels of unemployment 
in Austria, Hungary, and Poland was the 
successful ending of the German hyperinfla- 
tion in November 1923. The massive shifts in 
demand across industries associated with the 
termination of German hyperinflation could 
easily have had repercussions on the volume 
and structure of trade in the contiguous terri- 
tories. Garber attributed the increase in Ger- 
man unemployment to a deliberate policy of 
subsidizing the capital goods industry indi- 
rectly through inflation tax revenues, thereby 
changing the relative price of goods and fac- 
tors of production. 

There is no evidence that the ending of 
German hyperinflation had adverse effects 
on employment in Hungary in 1924 and 
1925. Germany took less than 10 percent of 
Hungary’s exports. Exports to Germany in- 
creased from 45 million gold crowns in 1924 
to 69.4 million gold crowns in 1925, and the 
share of these exports to total exports in- 
creased from 7.9 percent to 9.92 percent 
during the two-year period. Imports from 
Germany also increased, rising from 88 mil- 
lion gold crowns in 1924 to 111 million gold 
crowns in 1925. The share in total imports 
rose from 12.5 to 15 percent. 


t 


VOL. 76 NO. 3 


There were, however, clearly discernible 
effects in Austria and Poland stemming from 
Germany’s determined efforts in 1925 to im- 
prove her balance of payments position by 
waging commercial war on Poland. Germany 
prohibited the importation of Polish coal 
effective in June. The impact on Polish ex- 
ports to Germany was immediate, falling 
from 57.7 million zloty in June to 32 million 
zloty in July and averaging approximately 
37 million zloty for the remainder of the 
year. In addition to coal, the iron and zinc 
industries in Poland were directly affected as 
well. The Polish market was also important 
for German manufactured goods. Without 
having attempted to measure the effects 
quantitatively, Taylor concluded: “The vari- 
ous measures and countermeasures thus 
caused economic hardship on both sides” 
(p. 118). 

Nor is there any direct evidence that 
Austria was adversely affected by the ending 
of German hyperinflation. Austrian exports 
to Germany increased 13 percent in the two 
years immediately following stabilization of 
the mark. But there were identifiable indirect 
effects stemming in part from Germany’s 
embargo on Polish coal and the role, albeit a 
minor one, it might have played in contrib- 
uting to the final breakdown in Polish stabili- 
zation in July 1925. Polish imports in the 
second half of 1925 had declined to the level 


of the year 1923. Austria was one of Poland’s _ 


main trading partners. Austrian exports to 
Poland were more than halved between 1924 
and 1926, having fallen from 194 million 
schillings to 73 million schillings in 1926. 


HI. Summary 


To assess the validity of Sargent’s claim 
that hyperinflation can be terminated with- 
out dire employment effects, I constructed 
monthly unemployment percentage estimates 
for Poland, Hungary, and Austria over the 
period both before and after monetary sta- 
bilization. These data reveal that there were 
significant effects on employment in the three 
territories, but no strong observable negative 
effects on output in Austria. My conclusions 
agree with those of Garber for Germany. 
These unemployment effects are difficult to 
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reconcile with the rational expectations hy- 
pothesis. Admittedly, the effects on employ- 
ment were less severe than what might have 
been predicted on the basis of modern esti- 
mates of the Phillips curve. But that in no 
way obscures the seriousness of the mea- 
sured employment effects. Furthermore, one 
can question the appropriateness of using 
contemporary estimates of the Phillips curve 
to predict the behavior of employment and 
inflation in three newly established countries 
after World War I whose industrial structure 
bore no resemblance to that of the United 
States. Each of the three successor states was 
primarily an agrarian economy. At least 50 
percent or more of the gainfully employed 
population was engaged in agriculture, and 
20 percent or less in industry in both Hungary 
and Poland. About the same ratio prevailed 
in agriculture in Austria if forestry and 
kindred occupations are included. This sa- 
lient fact cannot be ignored in assessing the 
impact on industrial unemployment of efforts 
to end hyperinflation. 

I attempted to identify those considera- 
tions that contributed to the emergence of 
unemployment with the advent of monetary 
stabilization. Four different kinds of in- 
fluence were isolated: 1) longer-term struc- 
tural factors that came “home to roost” only 
after hyperinflation had ended, 2) shorter- 
term measures related more directly to 
monetary stabilization, 3) unemployment in- 
surance benefits, and 4) delayed impact of 
the ending of German hyperinflation. In the 
first group were included unemployment at- 
tributable to reductions in the civil service 
timed to coincide with the removal of budget 
deficits and stabilization and to reductions in 
the number of employees of financial institu- 
tions with the termination of hyperinflation. 
The second group included alleged overval- 
uation of the Polish zloty and the Hungarian 
pengo, and policies to restrict credit initiated 
by the newly established central banks. The 
third and fourth represent special considera- 
tions not related necessarily to measures to 
stabilize the currency. Neither unemploy- 
ment insurance benefits nor the ending of 
German hyperinflation can explain a signifi- 
cant amount of the increase in unemploy- 
ment in Austria, Poland, and Hungary. 
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The increase in unemployment attending 
stabilization in Poland, Hungary, if not 
Austria, does not therefore seem to be con- 
sistent with the predictions of the rational 
expectations hypothesis. 
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Unemployment Insurance and Labor Contracts under 
Asymmetric Information: Theory and Facts 


By ANDREW J. OSWALD* 


Over the last few years there has been a 
minor revolution in the theory of labor con- 
tracts. The early work of Costas Azariadis 
(1975), Martin Baily (1974), and Donald 
Gordon (1974) made the assumption that 
output prices, although uncertain ex ante, 
could be observed by workers ex post. Later 
work, however, has taken a rather different 
tack: Guillermo Calvo and Edmund Phelps 
(1977), Sanford Grossman and Oliver Hart 
(1981), Jerry Green and Charles Kahn (1983), 
and others have assumed that workers can- 
not observe the values of the uncertain vari- 
ables.! Models of this type, where there is a 
distortion created by the existence of asym- 
metric information, turn out to have inter- 
esting properties. In particular, underem- 
ployment equilibria emerge.” 

This is potentially important, because 
many economists see the explanation of un- 
employment as an especially desirable goal. 
However, as Hart’s (1983) introductory sur- 
vey points out, the analysis does not explain 
involuntary unemployment in the sense of 
identical workers being treated differently. 
There is never an unemployed individual who 
would like to swap places with an employed 
person with the same characteristics. Instead, 


*Centre for Labour Economics, London School of 
Economics, Houghton Street, London WC2A 2AE, 
England. I thank the Economics Department and the 
Industrial Relations Section at Princeton University for 
their warm hospitality during the academic year 
1983-84, Helpful suggestions were made by David Card, 
Oliver Hart, Edmund Phelps, and the participants in a 
workshop at Nuffield College, Oxford. 

1A collection of papers can be found in the 1983 
Quarterly Journal of Economics Symposium issue. 
Robert Hall and David Lilien (1979) is another closely 
related paper. 

2 Overemployment results are also possible. See Green 
and Kahn, for example, for a discussion of the impor- 
tance of the normality of leisure in an individual’s utility 
function. This paper does not use the one-worker model 
which dominates the Symposium issue. 
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the models explain how equilibria might arise 
in which there is less employment than in a 
competitive spot labor market. Although this 
is an achievement of some importance, it is | 
not necessarily a solution to the main prob- 
lem. Some economists take that to be the 
question of why in the real world there are. 
workers who seem and claim to be involun- 
tarily unemployed. In fact, that was what 
implicit contract theory managed to do fairly 
successfully: the models of Azariadis, Baily, 
and Gordon could generate equilibria in 
which unemployed individuals had lower 
utility than those workers with jobs. Unfor- 
tunately, those analyses also predicted more 
employment than under a competitive labor 
market, which was eventually seen as a seri- 
ous flaw. George Akerlof and Hajime 
Miyazaki (1980) contains a well-known cri- 
tique. 

The purpose of this paper is to show that 
it is possible to combine traditional implicit 
contract theory with the assumption of 
asymmetric information. It is surprising that 
this has not been done before in the litera- 
ture, because when one takes the two ap- 
proaches together, it turns out that the model 
which emerges is capable of explaining the 
simultaneous occurrence of involuntary un- 
employment and underemployment. The lit- 
erature has, of course, come very close to 
producing a combination of the old and new 
ideas. But one thing has been dropped from 
the recently ‘developed theories of labor 
markets under asymmetric information—the 
assumption that workers have to rely on the 
government, or some other sector, for their 
income while unemployed. Grossman and 
Hart and others typically assume that firms 
pay unemployment insurance to those who 
do not get jobs at the prevailing output price. 
It is well known that the results of efficient 
contract models of all kinds are very sensi- 
tive to this type of insurance assumption. 
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The introduction of an internal insurance 
scheme into conventional contract theory, 
for example, makes the model’s equilibrium 
collapse to that of a competitive spot market. 
` Should one assume that firms and workers 
run their own unemployment insurance 
schemes? The right answer to this is not 
immediately obvious. One approach—that 
implicit in Grossman and Hart, say—is to 
use the assumption on the grounds that 
under the other assumptions of the model it 
` is rational for the firm and the workers to 
agree on this form of unemployment benefit 
plan. This is an attractive argument. The 
alternative approach, which ignores private 
unemployment insurance, also has some 
arguments in its favor. Bengt Holmstrom 
(1983), for example, claims that real world 
- insurance schemes do not conform to the 
predictions made by the theory,* and argues 
that there is a moral hazard explanation: 
those workers without jobs would not have 
the appropriate incentives to find work. 
Holmstrom suggests that the analytical struc- 
ture would be largely unaltered by the ex- 
plicit introduction of moral hazard, which is 
why he omits all forms of unemployment 
pay from the analysis. Early writers on the 
topic took just this view; recent writers have 
tended to adopt the former position. 

It is rather natural to try to settle this 
question by looking at what happens in the 
world. This is what the next section does. 
It studies data on American labor contracts 
which give us information about the extent 
of Supplemental Unemployment Benefit 
(SUB) plans and severance pay. The con- 
tracts are for the years 1970, 1975, and 1980, 
and cover about six million unionized 
employees. The very broad conclusion is that 
the extent of SUB plans is rather greater in 
manufacturing industry than may well be 
realized (although about half the workers 
still do not have such a scheme), but that 
SUB plans are almost nonexistent in the 
nonmanufacturing sector. This suggests that 


in that sector, and a large part of manufac- _ 


3See Grossman and Hart, for example. 
“Holmstrom presents no evidence, but his view is 
largely confirmed by the data given in the next section. 
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turing industry, it seems to be sensible to 
assume that there is no private unemploy- 
ment insurance. Section IH pursues this idea. 
It sets out a model of a labor contract under 
asymmetric information in which work- 
ers cannot rely on the firm to make unem- 
ployment benefit payments. The analysis 
blends the assumptions of early implicit con- 
tract theory with those of modern contract 
models. 

If private unemployment insurance is rare 
in the world, there is likely to be a good 
reason. Section IV develops this point. It sets 
out a model in which there are layoffs by 
seniority (a feature of almost all U.S. labor 
contracts) rather than, as is implicit in most 
conventional theory, unemployment by ran- 
dom draw. The model solves for an efficient 
contract (hence takes a quite different form 
from, for example, the seniority model in 
Gene Grossman, 1983).° Its central ideas are 
that the seniority ordering insulates the 
majority of workers from product market 
fluctuations, and that this reduces the incen- 
tive for a labor group to vote for a supple- 
mental unemployment benefit plan. 


I. The Extent of Unemployment Insurance 
Schemes in the United States 


The first important Supplemental Unem- 
ployment Benefit plan in the United States 
was negotiated in the automobile industry, 
between Ford and the UAW, in 1955. Others 
quickly followed. By 1970, about two million 
workers were covered in this way, and the 
figures given below suggest that coverage in 
union establishments has grown since then. 
The aim of the SUB plans is to compensate 
temporarily unemployed workers more fully 
than is done by government payments alone. 
More than a decade ago, E. F. Beal et al. 
(1972) stated that plans did not generally 
make up unemployed income levels to more 
than 75 percent of normal earnings. Today, 
at least some are more generous. The 1982 
labor contract signed by the UAW and Gen- 
eral Motors has provision, subject to certain 


SIn Grossman’s model, the union maximizes against 
the labor demand curve. 
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caveats, for “an amount which, when added 
to...State Benefit and Other Compensation, 
will equal 95% of...Weekly After-Tax Pay, 
minus $12.50, to take into account work- 
related expenses not incurred.” Similarly, the 
1982 agreement between the Goodyear Tire 
Company and the URCLPWA fixed an 
amount normally equal to 80 percent of a 
worker’s pay, or, under special conditions, 
100 percent of pay in the event of a factory 
closure. It would obviously be desirable to 
obtain systematic evidence on the generosity 
of private unemployment insurance provi- 
sions in U.S. labor contracts. Unfortunately 
it appears that there are no data of this kind. 
Hence we are forced to rely on these rela- 
tively casual observations about particular 
labor contracts. 4 

Some firms also have severance pay 
schemes. This payment is made only to those 
who are permanently separated from the em- 
ployer,® and it usually requires a minimum 
length of service. The 1982 contract agreed 
upon between Air Canada and the IAMAW, 
for example, states that employees with five 
years’ service must be paid 5 weeks’ pay as a 
severance allowance. The maximum is 20 
weeks’ pay for twenty years or more of em- 
ployment.’ It is worth stressing that this type 
of insurance is not obviously of the form 
typically assumed in the theoretical work on 
labor contracts. There, unemployment in- 
surance is usually to be thought of as money 
paid intermittently to those in the labor pool. 
Severance pay in the real world is a method 
of altering the size of the future labor pool. 
The final sort of job insurance specified in 
American contracts is the so-called wage- 
employment guarantee, which provides in- 
come for twelve months of the year regard- 
less of hours worked. As the data below 
show, however, these are still fairly uncom- 
mon. 


®This is an important issue in contract negotiations 
whenever significant technical change is expected. The 
1983 agreement between New Jersey Bell and the Inter- 
national Brotherhood of Electrical Workers is a good 
example. 

?7The four agreements mentioned in this section were 
drawn at random, and are unlikely to be exceptional, 
but without a proper sample it is not possible to be 
certain. 
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There is a rich data source—although it 
does not seem to be as widely known as 
might be expected—on the extent of these 
unemployment insurance arrangements. This 
source, Characteristics of Major Collective 


‘Bargaining Agreements, is available from the 


U.S. Bureau of Labor Statistics. Regrettably, 
however, the series has been discontinued, so 
the data reported here are some of the last 
which will be available. All the collective 
agreements covered in the samples involve 
establishments of 5000 workers or more in 
1970, and 1000 workers or more in other 
years, and all are unionized plants and com- 
panies. Three of the most recently available 
years are presented below. Sample size in the 
tables refers to the number of labor con- 
tracts. Worker coverage was (in numbers of 
workers): 


Manufacturing Nonmanufacturing 
1970 2,362,075 1,741,050 
1975 3,750,950 3,318,800 
1980 3,025,150 3,568,650 


Tables 1 and 2 give the figures on SUB plans 
and severance pay agreements. Table 3 has 
an industrial breakdown of SUB coverage 
for the most recent year, 1980. Table 4 con- 
tains data on the prevalence of wage-employ- 
ment guarantees. 

The tables speak for themselves, so it is 
only necessary to stress the main points. 

1) Approximately half the workers in 
manufacturing industry had a SUB plan. In 
nonmanufacturing, the figure was less than 5 
percent. 

2) Approximately half the workers in 
manufacturing could claim severance pay if 
permanently laid off. About one-quarter of 
nonmanufacturing employees had this kind 
of compensation scheme. 

3) Table 3 shows SUB and severance 
pay coverage by industry for 1980, and it 
illustrates the large differences in the extent 
of coverage. In some industries, such as 
Rubber and Plastics, three-quarters of the 
workers were covered by each type of plan; 
in others, like Construction, unemployment 
insurance was almost nonexistent. 

4) Wage-employment guarantees, ex- 
plained in Table 4, applied to roughly one in 
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TABLE 1—-SUPPLEMENTAL UNEMPLOYMENT BENEFIT PLANS 


Percent of Agreements Percent of Workers 
Sample Manufac- Nonmanu- Manufac- Nonmanu- - 
Year Size turing facturing ~ turing facturing 
1970 252 48.4 0.8 67.2 0.3 
1975 1514 25.4 4.0 49.8 2.8 


1980 1550 24.7 3.9 51.4 4.4 


TABLE 2— SEVERANCE PAY PLANS 


Percent of Agreements Percent of Workers 
Sample Manufac- Nonmanu- Manufac- Nonmanu- 
Year > Size turing facturing turing facturing 
1970 252 52.4 31.7 62.8 34.5 
1975 1514 41.7 20.0 51.6 22.3 


1980 1550 43.2 24.9 53.6 27.0 


TABLE 3—SUPPLEMENTAL UNEMPLOYMENT BENEFIT (SUB) PLANS AND 
SEVERANCE Pay BY INDUSTRY, 1980* 


SUB Plan Severance Pay 
Percent of Percent of Percent of Percent of 

Industry Agreements Workers Agreements Workers 
Manufacturing: : 
Food, Kindred Products 3.8 3.0 51.9 67.4 
Tobacco Manufacturing 25.0 21.5 100.0 100.0 
Textile Mill Products - - - - 
Apparel 48.4 41.7 6.4 3.6 
Lumber, Wood Products 9.0 17.5 9.0 7.0 
Furniture, Fixtures 11.8 13.4 11.8 9.1 
Paper, Allied Products - - 47.6 53.4 
Printing and Publishing 20.0 42.1 53.3 42.4 
Chemicals - - 69.4 73.2 
Petroleum Refining - - 60.0 64.5 
Rubber and Plastics 64.3 82.6 50.0 75.2 
Leather Products - - 54.5 70.3 
Stone, Clay, and Glass 11.4 61 60.0 74.0 
Primary Metals 72.7 9.1 59.0 81.5 
Fabricated Metals 24.4 35.7 43.99 43.1 
Nonelectrical Machinery 32.1 $7.7 29.36 27.3 
Electrical Machinery 9.6 21.3 48.2 55.9 
Transportation Equipment 33.9 74.3 28.6 52.7 
Instruments - - —- 36.4 30.4 
Miscellaneous - - 44.0 50.0 
Nonmanufacturing: 
Mining 25.0 6.6 31.2 73 
Petroleum & Natural Gas: 

Transportation - - 11.3 6.4 

Communications 1.25 iF 91.2 89.3 
Utilities, Electric & Gas 1.23 6.6 38.3 34.3 
Wholesale Trade 8.3 44 25.0 20.7 
Retail Trade 2.4 16.7 40.6 34.3 
Hotel & Restaurants - - 6.4 2.4 
Services 1.5 0.6 37.9 41.6 
Construction 61 44 0.9 1.0 
Miscellaneous ay - - - 


*Sample sizes for all Agreements and Workers were as follows: Agreements: 1,550; 
Workers: 6,593,800. 


A 
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TABLE 4— WAGE EMPLOYMENT GUARANTEES 
Percent of Agreements Percent of Workers 
Sample Nonmanu- Nonmanu- Manu- Nonmanu- 
` Year Size facturing facturing facturing facturing 

1970 252 9.5 11.9 10.8 15.2 

1975 1514 7.6 17.6 8.2 26.2 

1980 1550 7.9 14.2 13.4 





ten manufacturing workers and two in ten of 
the nonmanufacturing workers. 

The extent of SUB plans is the most inter- 
esting question for this paper, because it 
comes closest to the spirit of the literature on 
labor contracts under asymmetric informa- 
tion. Severance pay coverage, although great- 
er than SUB coverage, is less important here 
— partly because the size of payments tends 
to be surprisingly small (a week’s pay, say, 
for each year of service), and partly because 
it does not correspond as closely to the 
notion of intermittent unemployment com- 
pensation paid by a single long-term em- 
ployer. It may be best to think of severance 
pay more as insurance against losses in the 
value of human capital caused by market 
and technological changes. The issues do not 
seem to have been explored in the published 
literature. Wage-employment guarantees are 
intriguing, and reminiscent of traditional 
contract theory’s wage rigidity result, but 
coverage is low. 

It seems reasonable to draw the following 
broad conclusions. First, there are almost no 
nonmanufacturing workers who are covered 
by unemployment insurance schemes (like 
SUB plans) of the sort specified in the re- 
cent literature on labor contracts with asym- 
metric information. Even if we take the most 
flexible view of what an unemployment in- 
surance arrangement might be, and add in 
severance pay and wage-employment guar- 
antee schemes, only a minority of these 
workers appear to have cover against layoff 
or redundancy. Second, around half the 
workers in manufacturing have no unem- 
ployment insurance in a form like a SUB 
plan (or a wage-employment guarantee). 
These facts suggest that, if the object is to 
understand labor contracts of the type nego- 
tiated by American trade unions, it may be 
useful to study models in which the only 


unemployment benefit available to a worker 
is that statutory amount paid by local or 
federal government. One objection to this is 
that only 20 percent of U.S. workers are 
unionized and that contract theory was de- 
signed to. explain nonunion labor markets. 
Natural counterarguments are that, first, the 
BLS data are the best we have about any 
large sample of employment contracts; sec- 
ond, union agreements might reasonably be 
expected to be if anything more generous (in 
unemployment insurance and other provi- 
sions) than those in nonunion sectors; and, 
third, the qualitative characteristics of union 
and nonunion labor markets are likely to be 
the same. 


U. The Model 


This section sets out a model of a labor 
contract under asymmetric information. The 
key assumption is that the firm does not pay 
unemployment insurance to those of its 
workers whom it lays off. We shall need a 
number of assumptions and it is sensible to 
keep them as conventional as possible. 

1) Each worker has a utility function, 
u(-), defined on the open interval (0, 00). The 
function is concave, increasing, bounded, and 
twice differentiable. It is to be thought of as 
the utility from real income. Leisure is taken 
to have no value.’ The wage income when 
working is w, and is b when not working. 
Only a single unit of labor is supplied by 
each worker. 

2) There is a fixed labor pool, normal- 
ized at size unity. Employment is n, defined 
on the closed interval [0,1]. 

3) The preferences of the labor group 
(or trade union) are described ex post by the 


® This is inessential. 
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utility function U = nu(w)+(1— n)u(d), 
which is a quasi-concave function defined on 
wages and employment.’ Labor’s preferences 
ex ante are described by the group’s ex- 
pected utility function, EU. 

4) The firm or employer has a utility 
function, v(-), defined on the real line. It is 


concave, increasing, bounded, and twice dif- 


ferentiable, and is to be thought of as mea- 
suring the utility from profit income, 7. The 
firm maximizes expected utility, Ev. 

These assumptions give the nature of the 
agents’ preferences. They are similar to as- 
sumptions made in the early contract litera- 
ture and in Grossman and Hart, and 
Holmstrom inter alia. Another especially im- 
portant assumption is the following: 

5) The utility of an unemployed worker, 
u(b), is independent of the firm’s actions. 

This is a key point in the paper. It follows 
Baily, Azariadis (1975), and Holmstrom, and 
plays a crucial role, as is now well known, in 
labor contract models under symmetric in- 
formation. 

It is also necessary to specify the form and 
nature of uncertainty, the structure of tech- 
nology, and the minimum profit (utility) nec- 
essary to keep firms (workers) from with- 
drawing from the market. 

6) The firm’s output price, 8, is uncer- 
tain. It is distributed according to the density 
function g(@)>0 on closed support [8,8]. 
Only the firm observes 6. 

7) Output is given by a production func- 
tion, f(-), defined on the unit interval. The 
function is concave, increasing, bounded, and 

-twice differentiable. 

8) A firm elsewhere in the economy 
earns expected utility »*. 

9) No one will work for the firm in state 
8 if u(w) <u(b). 

These assumptions describe a world of the 
following kind. A firm aims to employ some 
workers to produce a good which it will 
eventually sell in a competitive market. No 
one can be sure what the price will be, but 
the employer must recruit today. It would 
like to offer its workers a deal in which their 


°This is the same as the normal expected utility 
function (it is equivalent here to utilitarianism) where a 
worker has probability 1— n of being unemployed. 
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pay depends on the selling price of the prod- 
uct. This cannot be done, however, because 
the employees will not be able to observe the 
price. (By way of example, auto workers, say, 
can observe for certain only the sticker prices 
on the automobiles they help to manufac- 
ture, and cannot know what dealer and 
customer discounts are being offered across 
the country.) To get any workers at all, it is 
assumed that the company must pay a wage 
that is greater than government unemploy- 
ment benefit or the alternative reservation 
wage. This is because employees can quit.!° 
It is assumed, though, that the firm cannot 
leave costlessly if a bad state of nature oc- 
curs, and hence requires only the average 
utility it would expect to get by switching 
into another sector. 

What will the optimal employment con- 
tract be like? One possible form would be for 
the firm to pay a fixed wage across all states 
of nature, but a risk-averse firm is not going 
to be happy with such an agreement. It would 
prefer to share some of its risk. There is a 
way to achieve that, namely, by having a 
labor contract in which pay, w, is linked 
implicitly or explicitly to the number of jobs, 
n. Employment can be observed by both 
sides, so a contract of form w(n) is feasible. 

If the wage is a function of employment, 
profits can be written 


(1) a =Of(n)—w(n)n. 


The firm’s utility is v(7), and it will be 
useful to define a function 


(2) r(n,0) = o(6f(n)—w(n)n), 


which the firm is to maximize, by its choice 
of employment, once the product price @ is 
known. ‘For well-behaved optima, therefore, 
the number of jobs are chosen so that 


(3) r,=v'(7)[0f’(n) —w'(n)n—w(n)] =0 


and r,,, <0. Let n(8) be the function which 
solves this. Then it turns out that employ- 


The alternative assumption of immobility can be 
introduced simply by leaving out the constraint, and the 
main point of the paper is unchanged. 


aa 
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‘ment is an increasing function of the price of 
output, namely, 


(4) (8) =—0'(a)f'(2)/tan > 0, 


which will be used later on. Finally, because 
the optimization problem to come can be set 
up most concisely using a maximum value 
function, let 


(5) v(@) = maxr(n, 6). 
By an envelope result, therefore, 


(6) v'(G) = v(m) f(a) > 0, 


which measures the rise in the firm’s ex post 
utility that is caused by an increase in the 
product price. The employer does better as 
states of nature improve. 

The optimal form of employment contract 
is to be thought of, as usual, as the solution 
to a maximization problem. The group of 
workers—they might be taken to be a trade 
union, but that is not essential—must pick a 
wage function w(n) which maximizes their 
expected utility subject to various con- 
straints. This contract will not be first-best 
Pareto optimal, because of the existence of 
asymmetric information about conditions in 
the product market, but will in the obvious 
sense be a second-best optimum. There are 
various ways to characterize it mathemati- 
cally. The simplest is to work not with a 
wage function defined on employment, but 
rather with two functions defined on the 
state of nature 0. Hence one could derive a 
function for pay, w(@), and a function for 
jobs, n(@), and let these together define im- 
plicitly the wage as a function of the employ- 
ment level.!! The paper uses a variant of this 
in which the choice variables are »(@) and 
n(9), but this is only a matter of con- 
venience. 

The full problem can be written as 


8 
7) a, ey) 


+(1—n)u(b)}g(@) dé 


H See Green and Kahn, for example. 
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subject to 


(8) MOROKE 


(9) (8) =v) f(n) 
(10) u(w) >u(d), 


where for brevity the wage, employment, and 
profit variables have not been written ex- 
plicitly as functions of 6. The maximand is 
the expected utility of the labor group, and 
the choice variables here are the utility of the 
firm and the number of jobs. Equation (8), 
the first of the three constraints, states that 
the employer’s expected utility (when setting 
employment optimally) must be at least what 
it can achieve in another sector of the econ- 
omy. The second constraint, equation (9), 
captures the fact that the firm will move on 
to its labor demand curve once the price of 
output is known. It implies and is implied by 
the condition that the value of the marginal 
product of labor be equal to its marginal 
cost. Equation (10), the third of the con- 
straints, stipulates that an individual worker 
be no worse off, ex post, than he or she 
would be by drawing government unemploy- 
ment benefit. This is a feasibility condition. 

The firm’s utility from profits, v(m), is 
monotonic, so can be inverted. At the opti- 
mum the employer’s utility is »(@). Thus it is 
possible to define profits by the function 
a(v(@)), which is the inverse of v(m). The 
product of the derivatives of these two func- 
tions is unity. The relationship 7(v) provides 
a way to write the wage as a function of the 
realized product price. It is, by rearrange- 
ment of the definition of profits, 


(11) w= (6f(1)—7)/n 
= (Of(n(8))— m(»(4)))/n(8). 


These points mean that both the wage and 
the profit level can be substituted out of the 
optimization problem described by equations 
(7) to (10). 

The problem will be solved here by in- 
tegrating equation (9) by parts and using the 
result to form a Lagrangean. Let the multi- 
plier on the first constraint be A, that on the 
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second be w~(@), and that on the third be 
(0). The Lagrangean is then 


(12) L= f{[mu(w)+(1—n)u(.) 
+Av(0)}} 3(8)—»(8)y'(8) 
~¥(8)u'(7) f(r) 
+ (6)[u(w)—u(b)]} d0. 


There are, strictly speaking, some endpoint 
terms from the integration by parts, but for 
simplicity they have been omitted. The first- 
order conditions for an interior optimum 
include!” 


(13) »(@): [A—(u’(w)/o'(7))] 8(8) 
~ ¥'(8) —(v"(1)/o"(7)) (8) f(x) 
~ 6(0)u'(w)/(0'(r)n) =0 
(14) n(0): (u(w)—u(d) 
+[0f'(n)—~w]u’(w)}g(8) 
— ¥(G)0'(m) f(n) 
+(o(8)u'(w)/n)[Of’(n)— w] =0 
(15) ¥(8)=¥(@) =0 
(16) u(w)—u(b)=0 
Equation (15) gives the transversality con- 
ditions: the multiplier ¥(@) must start and 
end at zero. Equation (16) is the complemen- 
tary slackness condition on (10): the multi- 


plier $(@) is zero when the inequality u(w) 
= u(b) fails to bind. 


$(8) >0 


HI. Some Results 


We can now derive some of the model’s 
properties. The analysis will concentrate on 
the case in which constraint (10) is not strictly 
binding (it is straightforward to incorporate). 


12 These presuppose that the problem is well-behaved. 
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The first points that need to be established 
are about the sign and behavior of the multi- 
plier y (0) which corresponds to the differen- 
tial equation (9). It turns out to be possible 
to show that ~(@) cannot be negative. It 
must begin at zero, become positive for some 
states of nature, and then return to zero for 
the best state of nature. The proof (given in 
the Appendix) shows that once (@) be- 
comes negative it remains negative. This 
would violate the transversality condition 
(8) =0, which is what makes it possible to 
rule out negative values for the multiplier. 

The model can generate equilibria in which 
there is both involuntary unemployment and 
underemployment. Involuntary unemploy- 
ment will be defined here as an outcome in 
which the utility from work, u(w), is strictly 


-greater than the utility from being unem- 


ployed, u(b). This seems to be the most 
natural definition. It captures the idea that 
there can be an individual without a job who 
would like to change places with a similar 
individual who is employed. A definition of 
underemployment and overemployment is 
also needed, and the normal one will be 
used. The value of the marginal product of 
labor is 0f’(n); the value of the reservation 
wage is b. Overemployment will be said to 
exist when @f’(n) <b and underemployment 
will be said to exist when the inequality is 
reversed. The intermediate case is, aS we 
should expect, the efficient competitive out- 
come @f’(n) = b. Conventional implicit con- 
tract theory solves the problem 


fimt) 


17 max 

( ) w(8), n0) Ye 
+(1—n)u(b)|g(0)d0 

subject to 


(18) f[0/(n)— wn] g(8) do =t, 


with first-order condition 
(19) u(w)—u(b)—u’(w)w 


=—u'(w)bf (n). 
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By adding bu’(w) to both sides we have 


[u(w)—u(b)] + u'(w)(b~ w) 
=u'(w)[b- 0f"(n)] 20, 


(20) 


which is positive by concavity of the u(-) 
function. The production function f(n) is 
also concave, so that b > @f’(n) implies that 
employment exceeds that at the point at 
which b= 6f'(n). This is the overemploy- 
ment result of early contract theory. Notice, 
however, that involuntary unemployment 
(u(w) > u(b)) can certainly exist. The sec- 
ond generation of work on labor contracts 
(see Grossman and Hart, for example) used 
an amended version of the framework devel- 
oped earlier. In this case private unemploy- 
ment insurance is assumed to exist and to 
increase b to the point at which there is 
full insurance. Underemployment, 0f’(n)— b 
> 0, does occur, but it is all voluntary. 

It is not surprising that, by taking an 
element from each of the two generations of 
contract theory, we can produce a model in 
which there are insufficient jobs and dis- 
satisfied unemployed workers. The proof uses 
equation (14). It can be rewritten, by adding 
g(@)bu’(w) to both sides, and imposing the 
assumption ¢ = 0, as 


(21) (6)[u(w)—u(b)+ u(w)(b- w)] 
=u'(w)g(0)[b- Of (n)] 
+4(0)v (a) f(n). 


Concavity of the worker’s utility function 
again ensures that the left-hand side is posi- 
tive. In this model, however, it is not the case 
that overemployment follows immediately. 
The reason is that 4(0) is necessarily posi- 
tive, so that underemployment can exist at 
the same time as equation (21) is satisfied. 
It is the mixture of the assumptions of asym- 
metric information and imperfect unemploy- 
ment insurance which generates the possibil- 
ity that underemployment and involuntary 
unemployment can occur simultaneously. 

Some other results can be established. 
First, there exist at least two intervals, [6, 6] 
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and [67,6], on which there is overemploy- 
ment. Equation (21) makes it clear that when 
wW(@) is zero, the usual overemployment con- 
clusion (as in equation (20)) goes through. 
That must occur, by the transversality condi- 
tion, in the best and worst states of nature. 
By continuity, therefore, there exist intervals 
at either end of the support of g(@) on which 
the value of the marginal product of labor 
drops below the reservation wage. Second, 
the same argument can be used to prove 
that, for the lowest price (@) and the high- 
est price (@), the model simply replicates 
the equilibrium of a Baily-Azariadis-Gordon 
model. This is formally equivalent to the 
result in optimal non-linear tax theory (James 
Mirrlees, 1976, for example) that the margin- 
al tax rate should be zero at the top and 
bottom ends of the skill distribution. Third, 
equation (19) reveals that, as is well known, 
in first-generation contract theory, the wage 
exceeds the value of the marginal product of 
labor. Yet this is no longer true once asym- 
metric information is introduced. Inspection 
of equation (21) shows that w>b and w< 
Of ’(n) can hold simultaneously. 

It is possible to provide a more intuitive 
account of the-forces which lead to overem- 
ployment or underemployment. The first is a 
response to a missing insurance market. By 
assumption, in this and early contract mod- 
els, there is no private unemployment in- 
surance scheme to allow workers to avoid the 
risk of a drop in utility if fired. Workers 
must therefore find some other way, if they 
can, to guard against the vagaries of the 
market. The optimal one is to ensure that the 
firm takes on more employees than would be 
justified on the grounds of technical ef- 
ficiency. That reduces the risk of unemploy- 
ment. The greater is workers’ risk aversion, 
the larger will be the extent of the overem- 
ployment. Underemployment has quite a 
different cause. When there is asymmetric 
information about prices, the optimal labor 
contract ties pay to the number of jobs, 
which is observable and carries some infor- 
mation about the employer’s success in the 
product market. The wage is an increasing 
function of employment whenever, at the 
optimum, the value of the marginal product 
of labor exceeds the wage rate. Equation (3) 
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states this formally. In this case, however, 
there is a reason to employ fewer individuals 
than would be optimal in the equivalent 
market with a competitively fixed wage: the 
marginal cost of labor is higher than in the 
equivalent market with wage taking by firms. 
This apparent inefficiency (it is second-best 
efficient) is the indirect result of the fact that 
workers do not have access to the same 
information as their employer. 


IV. Why Is There Not More Private 
Unemployment Insurance? 


The data given earlier in the paper suggest 
that even in union contracts there is often 
no private unemployment insurance (SUB) 
scheme. It is natural to try to explain why. 
The model given in the paper does not do so; 
it relies on an appeal to the empirical evi- 
dence. 

There are at least five broad possibilities. 
First, layoffs are not random, as this paper 
and most of the literature have assumed, but 
are typically made according to the rule that 
juniors be dismissed first. In a world with 
“layoffs by inverse seniority,” there may be 
good reason to think that private unemploy- 
ment insurance will be uncommon. It might 
be argued that the typical senior employee, 
whose job is safe in all but the most excep- 
tional recessions, has little incentive to make 
contributions into a fund which will pay 
money to those juniors who lose their jobs. 
Second, it may be that the public provision 
of unemployment insurance has largely elim- 
inated private schemes. This seems especially 
likely in cases in which public payments are 
compulsorily reduced if the recipient has in- 
come from a private fund. Third, if insurers 
have very little information about the prob- 
ability distribution of unemployment states, 
and workers are not particularly risk averse, 
we might expect the insurance market to be 
thin. Fourth, traditional moral hazard argu- 
ments apply. It is likely to be difficult for an 


13 One can think of some objections to this. First, in 
massively declining industries even seniors’ jobs are not 
safe. Second, seniors may be altruistic. Third, if workers 
earn no rents, it may be optimal—to ensure that there is 
a supply of new recruits—for senior employees to sub- 
sidize young workers who are without work. 
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insurance company to check the motives of 
those who enter the unemployed pool. 
Fifth, if product market shocks are described 
by an autoregressive process, and capital 
markets are less than perfect, an insurance 
company would often face “gambler’s ruin.” 

This paper pursues only the first of these 
ideas. That is because it fits in with the 
implicit methodological approach taken 
earlier (that contract theory should take more 
account of what real labor contracts are like), 
and because the mathematical structure is 
similar to that already used. 


A. A Seniority Model 


Most of the previously made assumptions 
will apply again. It is the form of the work- 
ing group’s objective function which must be 
altered. The most natural course is to assume 
majority voting and to let the new maximand 
be the expected utility of the typical senior 
worker. The mathematics is much simplified 
if we concentrate on states of nature in which 
less than half the work force is laid off. This 
seems only moderately restrictive, and pro- 
duces a great gain in tractability. The as- 
sumption guarantees that there is a majority 
of workers, all of whom have the same utility 
function, whose preferences can be taken to 
be those of the labor group. Under layoffs by 
seniority, therefore, the optimal employment 
contract is the solution to the following 
problem: 


(22) max [u(w) (9) dð 
subject to 

(23) [v(8)g(8) do > »* 
(24) v'(8) =u'(r) f(n) 
(25) u(w)—u(b) 20, 


Richard Arnott and Joseph Stiglitz (1982) discuss 
these issues. 

15The first-order conditions derived here will con- 
tinue to hold, over these states of nature, in a more 
general model. Without state-contingent contracts, how- 
ever, things would be quite different, and this avenue 
seems worth pursuing. 
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where the maximand is to be thought of as 
the utility of a senior worker, who cares only 
about the wage rate (by virtue of the insula- 
tion from layoffs that is produced by the 
seniority ordering). The choice variables are 
again »(@) and n(@). 

Write the Lagrangean as 


(26) L= f{[u(w)+do(4)] (8) 


— V'(8)»(8)+ 6(8)u(w) 
— 4(8)v'(7) f(n)} dð. 
The new first-order conditions are 


(27) »(0): h- Ee Jato) vo) 














90) 0") 
no'(q) v(a) 


(28) n(0): (1/n)u’(w)[g(4) + 6(8)] 
x [Af ’(n) - w] — 9 (8) o'r) f(n) =0. 


The transversality and complementary slack- 
ness conditions (equations (15) and (16)) still 
apply. It is no longer possible to sign unam- 
biguously the multiplier ¥(9), although it is 
to be expected that (8) would be positive 
over much of the interval [0, 8]. This means 
that there are fewer definite conclusions than 
before. 

Perhaps the most striking feature of this 
case is a characteristic of equilibria near the 
ends of the probability distribution. As long 
as the feasibility condition u(w)— u(b) 2 0 
is not strictly binding, $(@) disappears. Be- 
cause w(#?)=y(@)=0, equation (28) then 
simplifies to 


(29) af’(n(8))— w(4) 
= Of'(n(8)) — w(8) =0. 


Hence the wage is equal to the value of the 
marginal product of labor in the worst and 
best states of nature. More generally, in- 
voluntary unemployment (among juniors) 
can still occur, and employment may be 
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above or below the level at which the value 
of the marginal product of labor equals the 
reservation wage. 


YV. Conclusion 


The strengths of traditional implicit con- 
tract theory (Baily; Gordon; Azariadis, 1975) 
were that it could explain, first, wage ridigity 
and, second, involuntary unemployment (in 
the sense that unemployed workers receive 
less utility than identical employed workers). 
This has been supplanted, in the early 1980's, 
by the theory of labor contracts under asym- 
metric information. The strengths of this 
literature are that it is more general and that, 
unlike early contract theory, it can explain 
employment levels below that at the compet- 
itive equilibrium. We now know that wage 
rigidity is, in either model, a special case 
which is generated by risk neutrality of em- 
ployers,!°or by even more restrictive assump- 
tions. On the issue of unemployment, how- 
ever, the two approaches differ. Early theory 
can generate equilibria with involuntary un- 
employment, but at employment levels 
greater than in perfect spot markets. Later 
theory, like the many-worker model of 
Grossman and Hart, can produce equilibria 
with inefficiently high unemployment, but it 
is all voluntary unemployment. 

This paper has tried to combine the desir- 
able features of both approaches. The model 
which results has different properties from 
those in the literature, and can lead, in par- 
ticular, to equilibria in which there is both 
involuntary unemployment and inefficiently 
high unemployment. One assumption is 
central to this: it is that workers do not 
receive unemployment insurance from their 
employers. Azariadis, Baily, and Gordon 
originally made this assumption, and so does 
Holmstrom. Grossman and Hart, and Hart, 
among others, make the opposite assump- 
tion, that there is a perfect layoff insurance 
scheme. 


lé Baily and Azariadis both assume that layoffs are by 
random draw, and the proof of the famous wage rigidity 
theorem relies on that. Yet we know this assumption to 
be unrealistic, and the obvious alternative of layoffs by 
seniority generates models (see my earlier study, 1984) 
in which the wage rigidity result does not hold. 
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It is not easy to know whether models of 
labor contracts under asymmetric informa- 


tion should or should not assume that. 


workers receive private unemployment in- 
surance. As I have shown, however, the re- 
sults are very sensitive to this assumption, 
which is one reason to examine its implica- 
tions. There is another reason. In Section I, 
I presented some apparently little known 
data on the extent of unemployment in- 
surance schemes in U.S. labor contracts. The 
figures, covering roughly six million workers, 
reveal that half of the employees in manufac- 
turing industry were covered by a Supple- 
mental Unemployment Benefit plan. This is 
probably higher than most economists real- 
ize, but it still leaves a huge number of 
individuals without insurance coverage. In 
nonmanufacturing industry the figures were 
starker: SUB plans hardly existed. Severance 
pay and wage-employment guarantees were 
more common than SUB arrangements, but 
still only affected part of the nonmanufactur- 
ing labor force. Although one can only guess, 
these figures suggest that most unionized 
workers in the United States do not, in fact, 
receive the kinds of unemployment insurance 
payments assumed in recent work on the 
theory of labor contracts. Nonunion workers 
are probably even less well insured. Hence 
there may be some point to models of the 
kind set out in this paper. 


APPENDIX 
A Proof of the Nonnegativity of 4 (0) 


The analysis of the main section of the 
paper relies on the fact that the multiplier 
(0) is weakly positive. The proof is as 
follows. 

Equation (13) is a linear differential equa- 
tion of first order. It can be rewritten—set- 
ting @ to zero on the assumption that (10) 
does not bind—as 


(a1) TO ee) 


O(n) |x ) 
+0(8)of(n), 


where p =~ v’(2)/v'(7). The solution to 
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the equation can be found by integrating it 
using the condition (8) = 0. That solution 
is 


(A2) ¥(8) = fh r (x) H(x) dx 
where 


(A3) H=exp [/-ef(n) ae, 


and x and z are used to denote the variable 
of integration. 

The endpoint conditions, equation (15), 
also ensure that (8) =0, which is the key 
to the proof of the multiplier’s nonnegativity. 
Define a new variable 


A(0) =A —u'(w)/o'(2). 


If ~(@) is to satisfy the transversality re- 
quirement, A(@) must change sign over the 
interval [6,6]. The derivative of that func- 
tion is 


(A4) 





f u”(w) dw 

(A5) A (8) SAR v’(7) d6 
u u'(w)v"(m) ) da 
ZORA 


By earlier definitions, w = (@f(n)—7)/n, 7 
=q (v) and v’(6) = v'(7)f(n). Hence 


u”(w) 


(as) a(0)=- > =e U w]n'(8) 


~ p(u'(w)/o'(m)) f(n). 


The derivative n’(@) is known to be positive. 
Hence negativity of A’(@) would be guaran- 
teed by the condition w > 6f’(n). 

I wish to prove ¥(@) = 0. Assume not, in 
order to obtain a contradiction. Equation 
(14) in the text then implies that [@f’(7)— w] 
is negative. This ensures A’(@) <0. Thus, 
once W(6) takes a negative value, it remains 
negative. For an optimum, however, ¥(6) 
must return to zero at 8 = 0. Hence (@) <0 
implies a contradiction. 
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The Design of Procurement Contracts 


By RAFAEL Ros* 


Defense contracting has traditionally been 
and is expected to remain a major compo- 
nent of the U.S. government budget. During 
1983 the Department of Defense (DOD) 
spent a grand total of $53.6 billion on pro- 
curement programs which amounted to 24.6 
percent of the defense budget (see Budget of 
the U.S. Government, FY 1985). Projected 
figures for future years are even higher. 
For the 1987 fiscal year it is estimated that 
$106.7 billion will be appropriated for the 
same purpose. It will represent 31.2 percent 
of the budget. By comparison, the corre- 
sponding figures for the fiscal year of 1976 
were $16 billion (19.7 percent). 

Given these numbers, the importance of 
cost effectiveness in the acquisition process 
cannot be overemphasized. Clearly the pub- 
lic shares this view and has repeatedly ex- 
pressed it through the popular press and 
other media channels. A case in point is the 
purchase of spare parts and services for major 
defense systems. It is often alleged that these 
goods and services are grossly overpriced, 
that their exaggerated cost is sustained by a 
sole-source contracting arrangement, and 
that competitive practices could generate 
considerable price reductions. These claims 
are customarily substantiated by exhibiting 
competing firms capable of producing virtu- 
ally the same items for a small fraction of 
what the taxpayer is currently paying for 
them. A popular counterargument to such an 
allegation is that a costly research and devel- 
opment (R&D) stage precedes the construc- 
tion phase of defense systems. The contrac- 
tor subsequently imputes these preliminary 
expenses into the price; and the price he 
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ends up charging reflects historical (ex post) 
costs. This compensation provides the neces- 
sary inducement for undertaking the correct 
amount of R&D activity. 

The objective of this paper is to examine 
this issue. I argue that savings can be real- 
ized if only a fraction of a project is awarded 
to a single producer while the remainder is 
competitively purchased upon termination of 
the original contract. Such a procedure is 
known as an “educational” or “learning” 
buy. Indivisibilities are frequently of no con- 
sequence here since the DOD normally con- 
templates the purchase of many units. But 
even if lumpiness is an inherent problem, 
such as when elaborate weapon systems are 
ordered, it is still possible to purchase re- 
placement parts from other suppliers. This 
will have the same cost-reduction effect as 
splitting up a project. 

The effect of an educational buy is to 
reinforce competition by alleviating the ini- 
tial cost uncertainty which keeps many small 
firms out of the defense industry. Once the 
R&D stage is completed, costs and technical 
designs are known and new firms enter into 
the industry. This enables the government to 
purchase the remaining units (or subsystems) 
at relatively low prices. Surely, a commit- 
ment to buy smaller quantities will lessen the 
incentives of the original contractor to invest 
in R&D at the first stage; but when competi- 
tion is lacking (and this is certainly the case 
in the defense industry), the price of incre- 
mental R&D is exceedingly high while the 
creation of more competition is, as I shall 
show, a superior alternative. 

The above recommendation is derived in a 
model where firms submit sealed bids for a 
so-called firm fixed price (FFP) contract. 
That is, potential producers promise to de- 
liver the systems for a predetermined per 
unit price, no matter what their actual ex- 
penses turn out to be. The assumption un- 
derlying the analysis is that firms are risk 
neutral. Under this assumption, the FFP 
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arrangement is an optimal incentive con- 
tract. Of course, when producers are risk 
averse, the problem of tradeoff between 
risk-bearing and cost-reduction incentives 
emerges. This problem has been dealt with in 
Martin Weitzman (1980). Therefore, I will 
proceed under the risk-neutrality assump- 
tion. 

The rationale behind this structure is to 
bring together two major issues that char- 
acterize the weapon acquisition process. The 
first is the problem of choosing a most effi- 
cient producer among a group of heteroge- 
neous contenders differentiated by their cost 


effectiveness. Formally, this issue is akin to - 


optimal auctions theory (see John Riley and 
William Samuelson, 1981). Accordingly, the 
latter constitutes an important building block 
of my formulation. The second issue is the 
problem of inducing the chosen contractor to 
pursue a socially desirable research and de- 
velopment strategy. This is essentially an 
agency-type problem (see the papers by 
Michael Cummins, 1977; Charles Holt, 1979; 
F. M. Scherer, 1964; and Weitzman). These 
two problems were hitherto treated sep- 
arately and the model below is an attempt to 
remedy this shortcoming. 

A second feature of the model below is 
that it is explicit about the R&D process. 
The firm attempts to reduce its production 
costs by experimenting with (or sampling 
from) new techniques. Sampling is a costly 
activity, the outcomes of which are unfore- 
seen. This approach is intended to capture 
the element of cost uncertainty to which 
many practitioners in this area often allude. 
The important contribution of Holt should 
be recalled in this regard. He satisfactorily 
addressed the issue of auctioning govern- 
mental contracts under conditions of cost 
uncertainty. The element of uncertainty on 
which his study focused, however, is purely 
exogenous (see condition 3 of his Proposi- 
tion 1). In particular, he assumed away the 
choice of cost-reducing efforts by the winning 
firm and the associated moral hazard prob- 
lem. As mentioned, I shall consider the auc- 
tioning and the incentive problems jointly. 

Third, the notion that an ongoing relation- 
ship where the firm delivers goods and 
services over time is integrated into the struc- 
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ture. In fact, the implementation of a learn- 
ing buy is largely facilitated by the existence 
of a preliminary R&D stage, a time span of 
delivery, and the possibility of separating the 
purchase of a system from its individual 
components. 


I. The Model 


I first derive the research strategy under- 
taken by a firm which has already won an 
open public auction to produce y units of a 
given defense system. As a result of a pre- 
liminary bidding procedure (which is later 
specified), it committed itself to deliver the 
product for a fixed per unit price, p. Before 
construction starts, production costs, c, are 
determined by experimenting with new tech- 
niques (the R&D stage). It is assumed that 
experimentation is like sampling with perfect 
recall from a known distribution with a 
cumulative distribution function given by 
G(c). That is, if the firm decides to stop 
experimentation after n samples have been 
taken, its unit cost will be those of the lowest 
cost technique it is aware of at this stage. Its 
profits will accordingly be 


(1) a= y(p—c,,)—ns, 


where c,, = Min{c,,...,c,} and s stands for 
its firm-specific sampling (or learning) cost. 

Search theory (see John McCall, 1970a, b) 
tells us that the contractor will optimally 
experiment (or search) until the expected 
gain from searching one more time drops 
below the cost of search, s. Formally, using 
the dynamic programming formulation, note 
that (n,c,,) are the relevant state variables 
and let v(n,c,,) denote the value function of 
the firm. This v function must satisfy 


(2) v(a, cm) = Max{ y( p — cm) — ns, 
Ev(c,,Ac,n+1)}. 


where aAb= Min{a, b}. It is not hard to 
confirm that the solution to the functional 
equation (2) is given by 

Ay cm) an, he, <2 
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where z is defined by 
(4a) yG(z)=s 


(4b) G(z) = falo) de. 


Intuitively, z is that cost level where the 
contractor is indifferent between stopping 
and searching once more. As noted, the opti- 
mal strategy for the firm is to keep experi- 
menting until its per unit production costs 
are reduced below the cutoff level z. Note 
that z depends on the datum of the problem 
(y, 5) in a rather intuitive way. Specifically, 
z is increasing in s, indicating that the less 
efficient a firm is (the higher is its s), the 
earlier on will it stop its research endeavors. 
Similarly, z is decreasing in y; that is, a 
larger contract induces greater incentives to 
engage in R&D. Formally, we obtain by 
implicit differentiation: 


(5a) 0z/ds =1/yG(z), 
(5b) 02/dy=—G(z)/yG(z). 
For future reference, let us denote the 


average actual cost associated with the cutoff 
level z by a(z). By definition: 


(6) a(z; y,s)= f'edG(c)/G(z) 
=2-G(z)/G(z) =2z—s/yG(z), 
where the last equality follows from (4). 
Given the above research strategy, we next 
consider the firm’s profits before the R&D 
stage. Ex ante, that is, prior to knowing 
what realized costs are going to be, we have 
(7a) m= Ev(i,c) =Pr(C,>z)(m-s) 


+y['(p-e~s)dG(e) 
=[1-G(2)}m + y f'\(p~e)aa(e)~s 


= [1~G(z)] 1 + y(p-z)G(2) 


+ [ G(e)de~s. 
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Thus 
(7b) m= y( pz). 


Assume now that even the most efficient 
firm (i.e., the one with the lowest s) encoun- 
ters incipient competitors who can produce 
almost as efficiently. Some of them can al- 
ways undercut it when it makes above nor- 
mal profits. In such an industry, profits are 
driven to zero and the market price of a 
procurement contract, p, is 


(8) p=z. 


The right-hand side of this equation is to be 
understood as the z value corresponding to 
the most efficient ( = lowest s) producer. 

Having said this about firms’ behavior and 
the resulting equilibrium price, let us focus 
our attention on what the government can 
do to minimize its outlays on the project in 
question. While for individual producers the 
size of the project, y, is parametrically given, 
for the government it is a choice object. The 
government, in other words, can initially en- 
ter into a contractual arrangement with a 
single producer. This contractor promises to 
deliver a prespecified quantity, y, for a given 
price, p. He also agrees to disclose his pro- 
duction-induced technological knowledge so 
that any firm can later adapt the technology 
that results from his R&D efforts. 

Clearly, these other firms are prone to be 
less efficient than the original contractor be- 
cause of the creation of firm-specific knowl- 
edge and because technological information, 
experience, and learning are only fractionally 
transferable between firms. One obvious facet 
of this “interface problem” is that the origi- 
nal contractor will try to keep his competi- 
tive edge by hiding any information which 
may be useful for the development of new 
marketable products (see Oliver Williamson, 
1967). For modeling purposes, I shall assume 
that there is an interface efficiency loss of 
(100(a@ —1)) percent (with a > 1). That is, that 
the unit costs of other producers are ac,, 
(rather than c,,). This interface problem is 
the primary reason for using a single con- 
tractor for both the RaD and some of the 
production. 
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After the educational buy is consum- 
mated, firms can bid for any future con- 
tracts. At this point, advertised competi- 
tion is implemented and prices are driven to 
their runner-up cost, ac,,. Note that at the 
bidding stage, c,, is unknown. Its ex ante 
expected value is what I denoted by 
a(z(y, S); y, 8) (see equation (6)). 

When only a fraction of a project is 
acquired from one contractor (or, for that 
matter, when spare parts and services are 
bought from other sources), a certain tradeoff 
is involved. Clearly, the smaller the quantity 


the government is committed to buy from a- 


given producer, the less are his incentives to 
lower the cost of the product. This is so 
because when the contractor cannot fully 
appropriate the value of his R&D expendi- 
tures, his investments are going to be smaller. 
(see equation (5b)). On the other hand, by 
eliminating the contractor as a sole source 
producer, competition is enhanced and prices 
decrease. Our goal here is to see whether and 
under what circumstances the government 
can exploit this tradeoff. 

Based on these considerations, we may 
write the governmental objective as 


(9) TC = yp+a(1—- y)a(z). 


The form of this criterion incorporates the 
assumption that the overall size of the proj- 
ect is fixed in advance. Setting this size equal 
to one is just a convenient normalization. 
This assumption is clearly restrictive since 
the outcomes of research and development 
would in themselves dictate how many units 
the DOD wants to purchase.’ Specifically, 
lower realized production costs (c,,) would 
induce larger orders. In Section IV below, I 
shall extend the analysis to cover this case. 


Il. Analysis 
A. Large Number of Bidders 


Under perfect competition, that is, when 
(8) is satisfied, the objective, (9), becomes 


(9’) TC = yz+a(1— y)a(z). 


1T thank an anonymous referee for pointing out this 
fact. i 
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Differentiating (9’) we obtain 


(10) z+ y(dz/dy)-aa(z) 


+ a(1— y)a‘(z)(dz/dy) 
= -(a—1)[z-(G(z)/G(z))] 
— a((1~ y)/y)a’(z)(G(z)/G(z)), 


where (5) and (6) have been used to derive 
the last equality. Looking at (10) we observe 
that the objective TC diminishes throughout 
the interval (0,1). It follows that a corner 
solution at y=1 is a global minimum, that 
is, that the government can do no better than 
award the full project to a single firm. Thus 
we have 


PROPOSITION 1: Jf perfect competition 
prevails both at the initial contracting stage 
and at the production stage, then governmen- 
tal costs are minimized when a single producer 


‘is contracted to deliver the entire system. 


B. Small Number of Bidders 


The result above depends critically on the 
assumptions I have made along the analysis. 
Most importantly, it hinges on the zero prof- 
its assumption. It is well known that for any 
given project the number of potential con- 
tractors very rarely exceeds five (see Larry 
Yuseph, 1976). Moreover, each producer 
knows not just the technological facts and 
the contingencies it might face in developing 
a defense system, but also the minimal price 
at which he is willing to accept the contract. 
Given this privacy of information and the 
limited number of competitors, producers are 
expected to bid for positive profits. That is, 
we expect p to be greater than z so that 
equation (8) is violated. Motivated by these 
considerations, let us reanalyze problem (9) 
under conditions of imperfect competition. 

To do that, envision a finite number of 
firms, n, bidding for the contract. The DOD 
will accept the lowest bid and the items are 
to be delivered at this price. Competing pro- 
ducers are differentiated by their RaD cost 
conditions, that is, by their s parameter and 
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thus by their implied z value. We now think 
of z as a firm-specific reservation value and 
write z,,...,Z,. By (7), z; is the lowest price 
at which the ith producer is willing to under- 
take the project. In line with my previous 
discussion, it is assumed that the exact value 
of s is private information and thus that the 
reservation values, z;’s, are private informa- 
tion as well. Denote by A(-), A(-) the 
cumulative distribution function and prob- 
ability density function, respectively, of s. 
The variable H reflects the probabilistic be- 
liefs (held by the government and competing 
firms) about others’ cost conditions. It 
embodies in it everything that is common 
knowledge about the R&D process. 

The cutoff rule, (4), together with H in- 
duces a distribution over the reservation val- 
ues, z,. Notationally, call F the complemen- 
tary (when we cumulate from the right) 
cumulative distribution function of Z, that 
is, define 


F(z) = Pr(Z>z) =1— Pr(Z<z). 


The induced F is then 
(11) F(z; y) =1— H(yG(z)). 


We can now forget about s and conduct the 
analysis in terms of the z parameter instead. 
Accordingly, I shall work directly with the 
distribution of these characteristics, F. 

Next, the design of a cost-minimizing bid- 
ding procedure is formalized. In doing so, I 
closely follow the approach taken by Riley 
and Samuelson. My presentation is thus brief 
and many of the details are relegated to the 
Appendix. An example illustrating the suc- 
ceeding analysis is provided at the end. 

Let b(z) (= b(z; y)) be the common sym- 
metric bidding strategy of the n producers 
when a project of size y is initially con- 
tracted out. If all but one firm adopt b(-), it 
would clearly be in the best interest of the 
remaining firm (the first one, say) to bid 
somewhere in the range of b(-). Thus, its 
bid, b,, can be expressed as b, = b(x), for 
some x. Denote by p(b,,...,b,) the per unit 
price of the contract for firm 1. In a low-bid 
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auction: 


(12) Pl Bye j= {boi bi < Min{b,}"_, 
i 0, otherwise. 
Let 


(13) P(x)= E, p(b(x), 
b(z,),..., b(z,)) 
= E[b(x), x <Min{z,}/_.] 


= b(x) Pr(winning the auction) 


be the expected price paid to a representa- 
tive bidder. Using this notation, the expected 
gain to a type z, firm which bids as though it 
were a type x firm is (using (12) and (7)) | 


E[y(b(x)~-2,), x< Min{z; };=2] 
= y{ E[b(x), x < Min{z,}] 
— E[z,, x <Min{z,}]} 


= y[P(x)-24F"\(x)], 


where the last equality follows from (13). 
Since for the producer y is exogenously given, 
his optimal bidding problem may be posed 
as 


(14) Max a(x, 2,) = P(x)—2,F" (x). 


Since b(-) is the equilibrium bid strategy, 
agent 1’s best reply must be b, = b(z,). In 
other words, the maximizing value x* of (14) 
must be x* = z,. In the Appendix, I show 
that taking account of this constraint and of 
the cost of purchasing the remaining (1— y) 
units leads to the following governmental 
objective function: 


(15) TC(z4, y) = ny SEDE) 
+ F(z)- ga(z)f(z}ļ|dz 


+ nf aa(z)F" H2) ](2)de + 29F (24); 


£ 


VOL. 76 NO. 3 


where F=1—F, f=- f, z= lowest possi- 
ble z and z, is the maximum entry level. 
That is, the maximum reservation value at 
which it pays to enter into the auction. Firms 
whose minimum acceptance price exceeds z, 
will drop out of the bidding game. In prac- 
tice, the DOD can enforce z, either by 
charging a bid submission fee which will 
deter certain firms from entering into the 
auction, or by announcing a maximum price 
at which contracts are going to be awarded. 
Zo Tepresents a governmental fall-back op- 
tion. It corresponds to the next-best alterna- 
tive for purchasing the system. It could, for 
instance, be the z value associated with 
“in-house” production or a previous contrac- 
tor. Observe that an alternative derivation of 
(15) is through the “relevation principle” as 
in Roger Myerson (1981). 

The form of the objective function shows 
that the problem of designing an auction by 
a procuring agent is reduced to a choice over 
two parameters only. One is the quantity 
ordered (y) from an initial producer; the 
other is a cutoff level z,, so that no bids 
above z, are accepted. Note that the cost 
function (15) is, in general, not linear in y 
inasmuch as F, F, and f depend on y (see 
equation (11)). i 

Rather than spell out the general optimal- 
ity conditions for (15), I consider the follow- 
ing special case. Let a=1, G be uniform, 


G(c)=c, 0<c<l, 
H(s)=2s, O<s<1/2. 
Then 
F(z)=1-yz?, F(z) = yz?, 
f(z) =2yz, a(z) =2/2. 
Consequently, 


(16) TC(zx, y) 


=ny[1 +21 f "0- ye)" 22 dz 


+ z(1- yz) - 
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Differentiating (16), we obtain 
(17a) 3{TC}/ðZy 
=ny(1+2y)(1- yz)" z 
= 2nz9(1 = yze) ” ay; 


(17b) a{TC}/dy 
= n{(4y sof i- y2?)" 7 z?dz 
—(n—1)y(2y +1) f(t- yet)" zta 


—z)(1- yeh)" a), 


Integrating the second term in (17b) by parts 
and collecting terms, one obtains 


(17a’)  (1/nyzx)(9{ TC }/d2x) 
=(1+2y)(1— y2)" zy 
—2zo(1-— yz2)"™ 
= (1—32) [(1+2y)z«—2zo], 
(17) (2/n)(9{TC}/ay) 
=(2y w yz?)" 122 dz 


+(1— yz2)"""22[(1+2y) z_—2z9]. 


Finally, setting these derivatives equal to zero 
we get y=1/2, Z= Zp. 

Interpreting these numerical results, note 
that the winner in the low-bid auction is 
awarded exactly one-half of the project. In 
addition, a submission fee is charged so that 
only contractors with productive efficiency 
exceeding that of the DOD’s fall-back option 
will enter into the auction. The result of this 
example runs counter to Optimal Auction 
Theory where z, is set strictly below z,. The 
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reason for this difference is as follows. In the 
standard auction (where y = 1), a transaction 
is consummated with a single-source contrac- 
tor. His reservation value, z; can be iden- 
tified then as the cost of the project (includ- 
ing an R&D component). If, on the other 
hand, multiple-source contracting is consid- 
ered, z, is only the cost to the initial contrac- 
tor; the remainder of the project being com- 
petitively purchased at the lower cost a(z;) 
(assuming a = 1). The “true” underlying costs 
are thus below the reservation values z; and 
the cutoff point z, is set higher than it would 
otherwise be. Clearly, the above figures are 
special to the example at hand. In general, 
the design of auction rules will depend on 
the data of the problem. Explicitly, on what 
is known about R&D costs, their distribu- 
tion across potential producers, the interface 
efficiency loss (a), and the governmental out- 
side options. 

Having stated the governmental cost-mini- 
mization problem, I-return to the previous 
investigation. That is, I ask what fraction of 
the project should be awarded to an initial 
contractor. In the Appendix, the following 
closed-form expression for the bid of type z 
firm is derived: 


(18) 


where the markup, A > 0, is given by 


b(z) =z+A, 


[Pre yds 
19 A a eee 
(9) A(y) Fay) 

Using (18) and (19), the governmental ob- 
jective may be restated as the minimization 
of the expected value of expression of the 
form: 


(20) p(y;z(y,s))=[2(y)+A(y)] » 


+ aa(z(y))(l— y). 


The derivative of (20) with respect to y is 
computed in Appendix II. It is shown there 
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F"-\(z) G(z4) 
(n —1)h(G)G(z) fF" ae 
+ ees "Tope yee ee 
~(a-1)a(z). 
Also lz (2) 








where M(z) is the cumulative distribution 
function of Min{ zj,..., Zp} 

Thus the following sufficient condition is 
obtained. 


PROPOSITION 2: Governmental costs are 
minimized by initially auctioning only a pae 
tion of the project if 


[FOG /G?)aE pn-142,) Član) 


02) — G FG) Ga) 


(n —1)4ő fF" dé 


tF) 


> (a—=1)a(z), Z< Z < Zy. 


While condition (22) is not particularly re- 
vealing as it stands, two interesting and in- 
tuitive consequences are derived from it. 
First, since its left-hand side is always posi- 
tive, we see that it always pays to set y* <1 
if the interface problem is not too severe; 
that is, if a is sufficiently close to 1. By way 
of comparison, recall that under perfect com- 
petition we had y*=1 even if switching 
production from one firm to another entailed 
no efficiency loss (a =1). Second, as I shall 
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now show, the left-hand side of (22) tends to 
zero as the number of bidders increases indef- 
initely. Thus, the sufficient condition (22) is 
violated for large enough n. This tells us that 
it would make sense to auction initially a 
learning buy if the number of competing 
firms is relatively small. This conclusion is, 
of course, in conformity with my previous 
analysis of the perfect competition case. 
Summarizing, we have 


PROPOSITION 3: Assume that gG/G? is 
bounded. A fractional purchase is desirable if 
either (a) the interface efficiency loss is small; 
or (b) the number of potential producers is 
small. 


PROOF: 

Part (a) of the proposition is apparent 
upon inspection of (22). To prove (b), ob- 
serve that F"-1(£)/F"-(z) <1, Z< Ë< Zy. 
Thus as n~oo, both F"(é)/F"(z) and 
nF"(€)/F"(z) tend to zero. By the bounded 
convergence theorem, the left-hand side of 
(22) -> 0 as n > œ. Therefore, for sufficiently 
large n, the inequality is violated and the 
claim is proven. 


Remark: The premise underlying Proposition 
3 is not too restrictive. It would be satisfied 
if, for example, 0<a<g(s)<A<oo. 


Since, as already noted, the number of 
potential producers is typically small, the 
idea of implementing learning buys seems 
quite attractive. This conclusion is consistent 
both with the public sentiment and with 
longstanding recommendations of the Joint 
Economic Committee. Empirical studies, 
summarized by Yuseph, have clearly indi- 
cated that 50 percent unit price reductions 
(at the very least) have been realized by im- 
plementing learnings buys. These findings 
pertain either to moderate size items, com- 
mon hardware, consumer goods, etc., or to 
spare parts of major weapon systems. Inter- 
estingly, despite the continued pressure, the 
DOD still spends 60 to 70 percent of its 
budget purchasing from sole-source pro- 
ducers. Neither bidding nor learning buys 
have been attempted on a large scale. 
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III. Variable Size Projects 


Up until now I have assumed that the 
DOD predetermines the number of units it 
wishes to purchase. The type of benefit func- 
tion that induces this type of behavior is, of 
course, special. More realistically, a procur- 
ing agent would allow the purchasing deci- 
sion to depend on the results of the RaD 
stage. This added flexibility would certainly 
improve performance and it is, in fact, a 
common practice of the DOD. (Actually, 
even changes in the design and definition of 
the product itself are sometimes included.) 

My goal in this section is to account for 
this possibility. This extension is fairly 
straightforward, so the exposition will be 
brief. Let B(x) denote the monetary (social) 
benefit derived from x units of the product. 
Maintaining the previous notation, the gov- 
ernment’s ex post (having precommitted it- 
self to buy y units from the developer) ob- 
jective is 


(23) 


Max B(x + y)— acx. 
x 


The necessary first-order conditions for this 
problem are 


(24a) BY(x+y)-—ac<0, 
(24b) x[B’(x+ y)—ac] =0. 
Letting U(c; y) be the maximum value func- 


tion associated with the above program, the 
expected benefit can be written as 


(25) [ [Utes yhde lejar" (e), 


where G*(c)=G(c)/G(z),0<c<z. 
From this we must subtract the cost of 


initially purchasing y units. This cost has 
already been computed to be 


(26) ny | F”={z)LF(z)+ zf(z)] dz. 


Finally, the possibility of in-house produc- 
tion must be accounted for. If we let so 
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denote the government’s per unit R&D cost, 
then expected total benefit (including the 
R&D and production phases) is U(z,;0), 
where zọ is defined by 


so= f “[U(6:0)—U(29:0)] 46(e). 


(See Appendix III.) Since in-house produc- 
tion occurs with probability F"(z,), the ex- 
pected benefit is 


(27) U( 2930) F"( zs). 


Adding up these three components the 
government’s objective function becomes 


(28) Max [foe y)dG*(c)dF"(z) 
+ U( 2930) F"(z,) 
— ny f FaU F(z) + 2f(z)| dz. 


Since (28) is only a modest modification of 
(15), its analysis is quite analogous. The de- 
tails are therefore omitted. 


IV. Conclusion 


Of the many issues underlying the weapon 
acquisition process, two seem to be particu- 
larly interesting. These are the initial choice 
of a cost-efficient contractor and the incen- 
tives that it has to pursue an effective pro- 
duction plan. In this paper an attempt to 
simultaneously address these issues has been 
attempted. I have done so by integrating the 
theory of optimal auctions with the theory of 
incentive contracts. The primary conclusion 
which emerges from the study is that under 
the conditions which characterize the defense 
industry (small number of competitors; etc.), 
it would be expedient to invoke learning 
buys. This will bring in new suppliers at the 
later stages of the project, removing thereby 
the monopolistic shelter under which many 
contractors are currently protected. While 
this arrangement has some adverse effects in 
terms of the initial contractor’s incentives to 
develop a low-cost product and the “inter- 
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face problem,” it still dominates the single- 
source contractor arrangement. 


APPENDIX 
I 


Except for the term involving the purchase 
of the additional 1— y units, the derivations 
below parallel the arguments in Riley and 
Samuelson. Starting from (14), I impose the 
Nash-response constraint that 7(z,;2,)2 
a(x; Z,) for all x and z,. Assuming sufficient 
differentiability, this leads to the first-order 
conditions 


(A1) P’(z) =2(d/dz)F""'(z) 
and the boundary condition 
(A2) P( 24) = z4F" (z4), 


where z, corresponds to the marginal firm 


entering the auction. Integrating (A1), we get 


(24) P(2)= f”EAE"= HE) 
= z F” (z4)— zF""1(z)- [Prat 


= P(24)— zF"=(2)— fF" \8) de, 


where we have substituted from (A2) to de- 
rive the last equality. 
Therefore, 


(A3) P(z) =2F""'(z)+ f "FY g)dé. 
This justifies equation (19). Indeed, by (13): 
b(z) =P(z)/F""*(z) 


2F"-\(z)+ [F"-"(£)dé 
= F""(z) 





frr(syas 
=zt+ Fa å. 


» 
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Returning to the minimization problem, re- 
call that P(z) is the expected payoff to a 
representative firm of type z. Thus, we must 
average over all types entering into the bid- 
ding game. 


[POR 
= "| "i z)+ [F Oat je)a 
= JED) 
+SS EO) 
= [aH 2) f(e)ae 
| + [Of Fadaer neat 


= ["2F-(2)f(2)de+ f FEE" Edt 


= J EDIFE) + f(2)], 


where I have, first, substituted from (A3) and 
then changed the order of integration. Since 
there are n bidders, the cost of contracting 
out y units is 


(A4a) ny f F"E) + zf(z)\ dz. 


To this must be added the cost of purchas- 
ing the remaining 1— y units. If we let M = 
Min{z;}7.,, then the average cost of those 
units is a(M) and the density of M is 
nF”~'(z) f(z). Thus the cost of buying ad- 
ditional units upon completion of the initial 
contract is 


(Adb) an(1= y) f a(z) F") f(2) de. 


Finally, we must reckon the possibility 
that no firm qualifies to enter the auction 
(i.e., that none of them is sufficiently effi- 
cient), in which case the government must 
use its fallback option. Expected costs in this 
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case are 
(A4c) ZoF” (z4). 


Summing up (A4a), (A4b), and (A4c), we 
obtain (15) in the text. 


Il 


Fixing s and differentiating (20) with re- 
spect to y, one obtains 


(A5) dp/dy = A(y)+ yä (y)-(a—1)a(z) 
~a((1— y)/y)(G(z)/G(z)). 


Now: 


(A6) Ay) 
= |- Palea ~yFfrengas| 


—(n -1)nGfrrtag] [E2] 





z(y) 
=— ĝz/ðy+ A+B 
where, for example, 


frrnGas 
= SE FNE DAOGENËE) d 


and so on. 
Observe that 


(A7) —(n-1) yF"~7(&; y)h(yG(E))G(E) 
= (G(é)/G())-(a/0€){ F"-(é y)} 


As a result, we have 


A(y)— y(dz/dy)+ yA 


A z (n-1)y fF" nGak 
> (y)- y dy 7 Fro 





=A(y)— y(dz/dy)+ 
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a OD 


2 G(t) ô 
| pee 
$ F”-(z) 


=A(y)— y(dz/dy) 


Ze p4 


Zy gG 
-| F™)1=—5]d 
fete} 
F'-1(2) 2 


pa-p) E 
+ 





G(é) 


using (A7), and then integrating by parts. 
Proceeding, 


ðz F""'(zy) G(zy) 
“AOD IG, t FIG) Gay) 





F""'(z) G(z) F"-1(z) 


JE dE la) F124) (a) 





~ Fz) G) F2) (ze) 
n-1 gő 

Eo na -ija 

G(z) FP (2) : 


substituting from (5) and (19). Therefore, 
(A8) ðp/ ð y|; -1 


= A(y)+ y&(y)-(a—-1)a(z) 


=A(y)- re + yA+ yB—(a—1)a(z) 


= [Fr'(96/6") ae Posy) G(zs) 
F”—(z) F"=(2) G(z4) 
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(n—1)h(G)G fF" 


+ F"(z) —(a-I)a(z) 





which is what we set out to prove. 
HI 
In analogy with equations (1)-(7), let us 


express the government’s functional equa- 
tion: 


(A9) V(n,c,,) 
= Max{U(c,,)—ns, EV(n +1, ¢,,Ac)}. 


(The above incorporates both the R&D and 
production phases.) 
Define z(s) by 


s= ['[U(c)—U(2)]aG(e). 


One can then verify that the following solves 
equation (A9): 

U(c,,) — ns 
U(z)—ns 


Cm <z(5) 
A10) V(n, = É 
(A10) V4 6m) =| ihe 
Finally, the ex ante total benefit is 


(A11) EV(1,c)=-s+ [-U(c)ac(e) 


+ U(z)[1-G(z)] =—s4+ [tvo 


~U(z)]dG(c)+U(z) =U(z) 


which justifies equation (27). 
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A Supergame-Theoretic Model of Price Wars during Booms 


By Jukio J. ROTEMBERG AND GARTH SALONER* 


This paper explores the response of oli- 
gopolies to fluctuations in the demand for 
their products. In particular, we argue on 
theoretical grounds that implicitly colluding 
oligopolies are likely to behave more compet- 
itively in periods of high demand. We ther 
show that, in practice, during those periods, 
various oligopolistic industries tend to have 
relatively low prices. The few price wars 
which have been documented also seem to 
have taken place during periods of high de- 
mand. Finally, we study the possibility that 
this oligopolistic behavior has macroeco- 
nomic consequences. We show that it is pos- 
sible that the increase in competitiveness that 
results from a shift in demand towards goods 
produced by oligopolies may be sufficient to 
raise the output of all sectors. 

We examine implicitly colluding oligopo- 
lies of the type introduced by James Fried- 
man (1971). These obtain above competitive 
profits by the threat of reverting to competi- 
tive behavior whenever a single firm does not 
cooperate. This threat is sufficient to induce 
cooperation by all firms. It must be pointed 
out that there are usually a multitude of 
equilibria in such settings. Following Robert 
Porter (1983a), we concentrate on the best 
equilibrium of this type the oligopoly can 
achieve. 

The basic point of this paper is that 
oligopolies find implicit collusion of this type 
more difficult when their demand is relatively 
high. The reason for this is simple. When 
demand is relatively high and price is the 


*Sloan School of Management and Department of 
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We are grateful to Robert Porter, James Poterba, and 
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strategic variable, the benefit to a single firm 
from undercutting the price that maximizes 
joint profits is larger. A firm that lowers its 
price slightly gets to capture a larger market 
until the others are able to change their 
prices. On the other hand, the punishment 
from deviating is less affected by the state of 
demand if punishments are meted out in the 
future, and demand tends to return to its 
normal level. Thus, when demand is high, the 
benefit from deviating from the output that 
maximizes joint profits may exceed the 
punishment a deviating firm can expect. 

What should the oligopoly do when it 
cannot sustain the level of output that maxi- 
mizes joint profits? It basically has two alter- 
natives. The first is to give up any attempt to 
collude when demand is high. This leads to 
competitive outcomes in booms. Such com- 
petitive outcomes are basically price wars. 
The second, more profitable, alternative is to 
settle for the highest level of profits (lowest 
level of output) which is sustainable. As the 
oligopoly attempts to sustain lower profits, 
the benefits to a deviating firm fall. Thus, for 
a given punishment, there is always a level of 
profits low enough that no single firm finds it 
profitable to deviate. As demand increases, 
the oligopoly generally finds that the incen- 
tive to deviate is such that it must content 
itself with outcomes further and further away 
from those that maximize joint profits. 

Our strongest results are for the case in 
which prices are the strategic variables and 
marginal costs are constant. Then, increases 
in demand beyond a certain point actually 
lower the oligopoly’s prices monotonically. 
This occurs for the following reason: Sup- 
pose the oligopoly were to keep its prices 
constant and only increase output in re- 
sponse to higher demand. Then industry prof- 
its would increase when demand goes up. 
However, in this case, a deviating firm can 
capture the entire industry profits by shading 
its price slightly. Therefore, constant prices 
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would increase the incentive to deviate. Re- 
ductions in price are needed to maintain 
implicit collusion. 

It might be thought that if firms are capac- 
ity constrained in booms, they are essentially 
unable to deviate, so that the oligopoly 
doesn’t have to cut prices in booms. Indeed, 
we find that when marginal costs increase 
with output, a more plausible way of captur- 
ing the importance of capacity, our results 
are weaker. Nonetheless, even in this case the 
equilibrium can be more competitive when 
demand is high, whether output or price is 
the strategic variable. 

Any theory whose implication is that com- 
petitive behavior is more likely to occur in 
booms must confront the industrial organi- 
zation folklore which is that price wars occur 
in recessions. This view is articulated for 
example in F. M. Scherer (1980). Our basis 
for questioning it is not only theoretical. 
Indeed, it is possible to construct models in 
which recessions induce price wars.'? In a 
model with imperfect observability of de- 
mand, Edward Green and Porter (1984) show 
that price wars occur when demand is unex- 
pectedly low. Then, firms switch to competi- 
tion because they confuse the low price that 
prevails in equilibrium with cheating on the 
part of other firms. 

Whether competition is more pervasive in 
booms or busts is an empirical question. 
While we do not conclusively settle this em- 
pirical issue, a brief analysis of some related 


'Tf firms find borrowing difficult, recessions might be 
the ideal occasions for large established firms to elbow 
out their smaller competitors. 

?There are also two alternative reasons why prices 
may be lower when demand is high. First, firms may be 
charging the monopoly price in the face of short-run 
increasing returns to scale. The existence of such in- 
creasing returns strike us as unlikely. When production 
is curtailed this is usually done by temporary closings of 
plants or reductions of hours worked. These reductions 
would always start with the most inefficient plants and 
workers thus suggesting at most constant returns to 
labor in the short run. Second, as argued by Joseph 
Stiglitz (1984) using a setup similar to the incomplete 
information limit pricing model of Paul Milgrom and 
John Roberts (1982), limit pricing may be more salient 
in booms if the threat of potential entry is also greater at 
that time. 
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facts seems to provide more support for our 
theory than for the industrial organization 
folklore. 

First, at a very general level, it certainly 
appears that business cycles are related to 
sluggish adjustment of prices (see Rotem- 
berg, 1982, for example). Prices rise too little 
in booms and fall too little in recessions. If 
recessions tended to produce massive price 
wars, this would be an unlikely finding. Sec- 
ond, more specifically, we find that both 
Scherer’s evidence and our own study of the 
cyclical properties of price-cost margins are 
consistent with our theory. The ratio of prices 
to our measure of marginal cost tends to 
be countercyclical in more concentrated 
industries. Also the price wars purported to 
have happened in the automobile industry 
(Timothy Bresnahan, 1981) and the railroad 
industry (Porter, 1983a) occurred in periods 
of high demand. Finally, since Scherer sin- 
gles out the cement industry as having 
repeated breakups of its cartel during reces- 
sions, we study the cyclical properties of 
cement prices. To our surprise, cement prices 
are strongly countercyclical, even though ce- 
ment, as construction as a whole, has a pro- 
cyclical level of output. 

Up to this point we have focused on the 
effect of changes in demand like those that 
could be induced by business cycles on 
oligopolistic sectors. We go on to exam- 
ine whether these oligopolistic responses to 
changes in demand themselves have aggre- 
gate consequences. In particular, we consider 
the general equilibrium effects of a shift in 
demand towards an oligopolistic sector. We 
show that in a very simplified two-sector 
model, the ensuing reduction in the oligop- 
oly’s price can lead the other sector to raise 
its output as well. This occurs in our model 
because the other sector, which is competi- 
tive, uses the oligopoly’s output as an input. 

The paper proceeds as follows. Section I 
presents our theory of oligopoly under 
fluctuating demand. Section II contains the 
empirical regularities which lend some plau- 
sibility to our theory. Section III considers 
the general equilibrium model which forms 
the basis of our discussion of macroeconom- 
ics, and conclusions are drawn in Section IV. 
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I. Equilibrium in Oligopolistic Supergames 
with Demand Fluctuations | 


We consider N symmetric firms producing 
a homogeneous good in an infinite-horizon 
setting. It is well-known that infinitely lived 
oligopolies of this type are usually able to 
sustain outcomes in any period that strictly 
dominate the outcome in the corresponding 
one-period game, even if firms cannot sign 
binding contracts. In order to achieve this, 
the equilibrium strategies must involve a 
mechanism that deters an individual firm 
from “cheating” (by expanding output or by 
shading prices). One such mechanism, and 
one that has been fruitfully employed in 
theoretical models,’ is the use of punish- 
ments against the defecting firm in periods 
following the defection. If these punishments 
are large enough to outweigh the gain from 
cheating, then the collusive outcome is sus- 
tainable. 

In order for the equilibrium strategies to 
be sequentially rational,* however, it must 
be the case that if a defection actually oc- 
curs, the nondefecting firms are willing to 
mete out the proposed punishment. A simple 
and often employed way (see Green and 
Porter, for example) to ensure sequential ra- 
tionality is for punishments to involve play- 
ing the equilibrium strategies from the one- 
period game for some fixed period of time. 
We also restrict attention to strategies of this 
kind. In addition to their simplicity and con- 
formity with the literature, they are also opti- 
mal punishments in some cases.’ The major 
departure of our model from those that have 
previously been studied is that we allow 
for observable shifts in industry demand. 


3See, for example, Friedman, Green and Porter, and 
Roy Radner (1980). 

4Sequentially rational strategies are analyzed in games 
of incomplete information by David Kreps and Robert 
Wilson (1982). For the game of complete information 
that we analyze we use Reinhard Selten’s concept of 
subgame perfection (1965). 

5When quantities are the strategic variable, Dilip 
Abreu (1982) shows that punishments can be more 
severe while still being credible. However, he requires 
that firms who defect from the punishment be punished 
in turn, and so on. This considerably complicates the 
analysis, 
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We write the inverse demand function as 
P(Q, £) where Q, is the industry output in 
period ¢ and e, is the realization at t of z, the 
random variable denoting the observable de- 
mand shock. We assume that P is increasing 
in £, that € has domain [g, €] and a distribu- 
tion function F(e), and that these are the 
same across periods (i.e., shocks are indepen- 
dently and identically distributed). We de- 
note firm i’s output in period t by q; so that 


N 
Q,= L qir 
i=1 


The timing of events is as follows: At the 
beginning of each period, all firms learn the 
realization of € (more precisely £, becomes 
common knowledge). Firms then simulta- 
neously choose the level of their choice vari- 
able (price or quantity). These choices then 
determine the outcome for that period in a 
way that depends on the choice variable: in 
the case of quantities, the price clears the 
market given Q,; in the case of prices, the 
firm with the lowest price sells as much as it 
wants at its quoted price; the firm with the 
second lowest price then supplies as much of 
the remaining demand at its quoted price as 
it wants, and so on. The strategic choices of 
all the firms then become common knowl- 
edge and this one-period game is repeated. 

The effect of the observability of £, and 
the key to the difference between the model 
and its predecessors is the following: the 
punishments that firms face depend on the 
future realizations of @ The expected value 
of such punishments therefore depends on 
the expected value of @ However, the reward 
for cheating in any period depends on the 
observable e,. We show that for a wide variety 
of interesting cases, the reward for cheating 
from the joint profit-maximizing level is 
monotonically increasing in e, If e, is large 
enough, the temptation to cheat outweighs 
the punishment.® The observability of e, al- 
lows the oligopoly to recognize this fact. 
Thus an implicitly colluding oligopoly may 


In informal discussions, Moses Abramowitz (1938) 
and Mordecai Kurz (1979) recognize the link between 
short-run profitability and the sustainability of collusive 
outcomes. However, the relationship between profits, 
demand, and costs is not made explicit. 
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settle on a profit below the fully collusive 
level in periods of high demand to ade- 
quately reduce the temptation to cheat. Such 
moderation of its behavior tends to lower 
prices below what they would otherwise be, 
and may indeed cause them to be lower than 
for states with lower demand. We illustrate 
this phenomenon for both the case in which 
prices and the case in which quantities are 
the strategic variables. 


A. Prices as Strategic Variables 


We begin with an analysis of the case in 
which marginal costs (and average costs) are 
equal to a constant c. This is an appropriate 
assumption if capacity is very flexible in the 
short run, if firms produce at under capacity 
in all states, or if firms produce to order and 
can accumulate commitments for future de- 
liveries. There always exists an equilibrium 
in which all the firms set P = c in all periods. 
Firms then expect future profits to be zero 
whether they cooperate at time ¢ or not. 
Accordingly the game at time ¢ is essentially 
a one-shot game in which the unique equi- 
librium has all firms setting P =c. In what 
follows we concentrate instead on the equi- 
libria that are optimal for the firms in the 
industry. 

We begin by examining the oligopoly’s 
options for each value of e,. Figure 1 shows 
the profits of each firm, II, as a function of 
the aggregate output, Q,, for a variety of 
values of e,. These profit loci are drawn 
assuming each firms supplies 1/N of Q,. As 
e, increases, the price for each Q, rises so 
that profits are increasing in e,. The term 
II’"(e,) denotes the profit of an individual 
firm in state g, if the firms each produce q” 
which equals 1/N of the joint profit-maxi- 
mizing output, QO”. Notice that II(e,) is 
increasing in é, since profits are increasing in 
e, even holding Q, constant. 

If a firm deviates from this proposed out- 
come, it can earn approximately NII” by 
cutting its price by an arbitrarily small 
amount and supplying the entire market de- 
mand. Firm i would therefore deviate from 
the joint profit-maximizing output if 


(1) NTU” (e,) -K> H”(e,) 
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FIGURE 1. PROFITS OF THE OLIGOPOLY 


that is, if 
Il™(e,)>K/(N-1), 


where K is the punishment inflicted on a 
firm in the future if it deviates at time ¢. It is 
thus the difference between the expected dis- 
counted value of profits from ¢+1 on, if the 


` firm goes along, and the expected discounted 


value of profits if it deviates. 

For the moment we will take K to be 
exogenous and independent of the value of e, 
at the point that cheating occurs. (We will 
prove the latter shortly and also endoge- 
nize K.) 

Since II”(e,) is increasing in e, there is 
some highest level of demand shock, e*(K), 
for which (N —1)II(e*) = K. We consider 
separately the cases in which e, is below and 
above e*. In the former cases no individ- 
ual firm has an incentive to deviate from 
the joint profit-maximizing outcome. There- 
fore, if we define Il*(e,,e*) to be the 
highest profits the oligopoly can obtain, 
II*(e,, e*) = I1(e,). In the latter case, how- 
ever, the monopoly profits are not sustain- 
able since any individual firm would have 
an incentive to cheat. In this case the maxi- 
mum sustainable profits are given by 
(N-1IE%(e, ef) = K. 

In summary, 


(2) (e, e7) 
I”(e,) 


for £, < ež 


K 
(et) =F for e> ef. 
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From (2) it is clear that the sustainable 
profits are higher, the higher is the punish- 
ment. Since we want to concern ourselves 
with equilibrium strategies that are optimal 
for the oligopoly, we concentrate on profits 
that are as large as possible. These involve 
the lowest possible present discounted value 
of profits if the firm deviates. Thus charging 
a price equal to c in all periods following a 
defection seems optimal, particularly since 
such punishments never need to be imple- 
mented in equilibrium.’ 

However, there are several related reasons 
why such infinite-length punishments are un- 
likely to be carried out in practice. First, 
once the punishment period has begun, the 
oligopoly would prefer to return to a more 
collusive arrangement. Second, if the in- 
dustry members (whether they be firms or 
even management teams) change over time, 
shorter punishments seem more compelling. 
Finally, one can think the reason why firms 
succeed in punishing each other at all (even 
though punishments are costly) is because of 
the anger generated when a rival cheats on 
the implicit agreement. This anger, as any 
“irritational” emotion, may be short-lived. 

The presence of relatively short punish- 
ments is important to our analysis because 
they make K low. Otherwise the inequality 
in (1) is always satisfied, that is, in all states 
of nature the punishment exceeds the ben- 
efits from cheating from the collusive price. 
This is particularly true if the length of the 
period in which a firm can undercut its com- 
petitor’s price successfully is short. Thus the 
inequality in (1) is also more likely to be 
violated for high e, if firms are fairly com- 
mitted to their current prices as they would 
be if adjusting prices were costly. 

While short periods of punishment are re- 
alistic, infinite punishments are simpler. Thus 
we actually use infinite punishments and 
capture their relatively small importance by 
assuming that 6, the factor used to discount 
future profits, is small.? With price equal to 


TNote that P =c is the highest possible punishment 


for the oligopoly. If P is below c, firms make losses and 


will choose not to participate. 
8An infinite punishment period and low value of ô is 
only equivalent to a finite punishment period and high 
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marginal cost, the punishment is equal to the 
discounted present value of profits that the 
firm would have earned had it not devi- 
ated, or 


3) k= fle, e) dEl). 


Even if we allow K to depend on e, the 
right-hand -side of (2) is independent of e,. 
Therefore the punishment is indeed indepen- 
dent of the state.? Using (2) we can rewrite 
equation (3) as 


ô 
(4) K(et)=7—5 





fae) dF(e) 
+(1- F(e¥)) I” (e¥)]. 


This gives a mapping from the space of 
possible punishments into itself: a given 
punishment implies a cutoff e* from (2) 
which in turn implies a new punishment 
from (4). 

The equilibria of the model are the fixed 
points of this mapping. The equilibrium that 
is optimal for the oligopoly is the one corre- 
sponding to the fixed point with the highest 
value of K.  . l 

It remains to provide sufficient conditions 
for the existence of a fixed point, that is, to 
show there exists an e* € (e, €) for which (2) 
and (4) hold. Let £, be a candidate for such 
an e* and define 


(5) g(e,) = 0O"(e,)- K(e,)/(N —1). 


We need to show there exists an e; € (e, &) 
such that g(e/) = 0. Using (4) and (5): 


ô 


g(e) =O" (e)|1-— @-8)(v~1) 


value of 6 if the length of the punishment is indepen- 
dent of g. 

°If, instead, the length of the punishment did depend 
on g, naturally K would depend on e, as well. 
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which is negative if 
(6) N<1/(1-8). 


In other words, for N small enough relative 
to the discount factor 6, it is possible to 
obtain the monopoly outcome in at least the 
lowest state of demand. As N gets bigger, or 
as firms discount the future more (6 smaller), 
the punishments become less important and 
(6) fails. 
On the other hand: 


a(@) =10"(8)-6/((N-1)(1-8)) 
x JTI" Ce) aF(e) 
which is positive if 
(1) n” f Te) arle) 
© >a/[a-ayw-1)]. 


This condition ensures that the monopoly 
outcome is not the only solution in every 
state. This holds when there is sufficient dis- 
persion in the distribution of profit-maximiz- 
ing outputs. If there is no dispersion, the 
left-hand side of (7) equals one. Then (7) 
becomes N >1/(1— 5), the opposite of (6). 


So, in the absence of dispersion, if (6) holds . 


there is never any incentive to cheat. When 
there is some dispersion, the left-hand side of 
(7) exceeds one, making it possible for (6) 
and (7) to hold simultaneously. 

If conditions (6) and (7) are satisfied we 
have: (a) g(e/) is continuous, (b) g(ē) > 0, 
and (c) g(e) <0, which imply the existence 
of an e«&(e,,é,) such that g(e))=0 as 
required. 

This equilibrium has several interesting 
features. In particular, for e,>e* it can be 
shown that the higher is demand (the higher 
is ¢,), the higher is equilibrium output and 
the lower is the equilibrium price. When e, 
exceeds e*, II" = Q,(P, — c) is constant. Also, 
Q, must be as high as possible without re- 
ducing firm profits below the sustainable 
level. In other words, firms must be at Q? in 
Figure 1 and not at Qf. Otherwise a deviat- 
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ing firm can earn more than NIIS by cutting 


‘its price. 


_ Since output is above Q7”, profits fall as Q, 

rises as can be seen in Figure 1. On the other 
hand, for a constant Q,, Q,(P, — c) rises as e, 
rises since P, is larger. Therefore an increase 
in €, must be accompanied by an increase in 
Q,. Since increases in e, raise profits, in- 
creases in Q,, which lower profits, are re- 
quired to restore the original level of profits. 
Moreover, if Q,(P,— c) is constant while Q, 
rises, P, must fall. So the oligopoly must 
actually lower its prices to deter deviations. 

The model has some intuitive comparative 
statics. When N increases and when ô de- 
creases, e* falls. In both cases, the gains 
from cheating rise relative to cooperative 
profits, either because the punishments are 
distributed among more firms, or because _ 
they are discounted more. Thus, the oligop- 
oly must content itself with fewer states in 
which the monopolistic output is sustained. 
This can be seen by the following three-part 
argument. 

First, the fact that g(€) is positive ensures 
that g is increasing in e at the largest value 
of «’ for which g(e’) =0. Second, for fixed 
Q, and e, the profits of a single firm are one- 
Nth of the total profits of the industry. Thus, 
for a fixed e*, equation (4) implies that K 
and II”(e*) are inversely proportional to N. 
Therefore, increases in N raise g since they 
raise JI”(e*) relative to K/(N —1), that is, 
the temptation to cheat increases. Similarly, 
a decrease in ô raises g since K falls. Finally, 
the increases in g brought about either by an 
increase in N or a reduction in ô implies that 
e* must fall to restore equilibrium. 

As mentioned above, punishments are 
never observed in equilibrium. Thus the 
oligopoly doesn’t fluctuate between periods 
of cooperation and noncooperation as in the 
models of Green and Porter. To provide an 
analogous model, we would have to further 
restrict the strategy space so that the oligop- 
oly can choose only between the joint mo- 
nopoly price and the competitive price. Such 
a restriction is intuitively appealing since the 
resulting strategies are much simpler and less 
delicate. With this restriction on strategies, 
the firms know that when demand is high the 
monopoly outcome cannot be maintained. 
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They therefore assume that the competitive 
outcome will emerge, which is sufficient to 
fulfill their prophecy. In many states of the 
world, the oligopoly will earn lower profits 
than under the optimal scheme we have 
analyzed. As a result, since punishments are 
lower, there will be fewer collusive states 
than before. There will still be some cutoff, 
ex, that delineates the cooperative and non- 
cooperative regions. In contrast to the opti- 
mal model, however, the graph of price as a 
function of state will exhibit a sharp decline 
after e* with P =c thereafter. 

The above models impose no restrictions 
on the demand function except that it be 
downward sloping and that demand shocks 
move it outwards. However, the-model does 
assume constant marginal costs. The case of 
increasing marginal cost is more complex 
than that of constant marginal costs for four 
reasons: 1) A firm that cheats by price cut- 
ting does not always want to supply the 
industry demand at the price it is charging. 
Specifically, it would never supply an output 
at which its marginal cost exceeded the price. 
2) Cheating now pays off when IT4(e,, P) > 
II*(e,)+ K, where II? is the profit to 
the firm that defects when its opponents 
charge P. However, II? is no longer equal to 
(N-—1)II*. Therefore, the sustainable profit 
varies by state. 3) With increasing marginal 
cost, cheating can occur by raising as well 
as by lowering prices. If its opponents are un- 
willing to supply all of demand at their 
quoted price, a defecting firm is able to sell 
some output at higher prices. 4) The one-shot 
game with increasing marginal cost does not 
have an equilibrium in which price is equal 
to marginal cost. Indeed the only equilibrium 
is a mixed-strategy equilibrium.'° 

A number of results can nonetheless be 
demonstrated for an example in which de- 
mand and marginal costs are linear: 


(8) P=ate,—bQ,, 


(9) c(i) = ¢q;, + dqj,/2. 


10See Eric Maskin (1984) for a proof that a mixed- 

. Strategy equilibrium exists. 
"Tn this case an increase in e, can directly be inter- 
preted as either a shift outwards in demand or a reduc- 
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It is straightforward to show that in this 
example, cheating becomes more desirable as 
e, tises.'? So, as before, if the oligopoly is 
restricted to either collude or compete, high 
g s generate price wars. Alternatively the 
oligopoly can pick prices P* which just deter 
potentially deviating firms. These prices 
equate II*, the profits from going along, with 
II- K where K is the expected present 


` value of IT" minus the profits obtained when 


all firms revert to noncooperative behavior. . 
It is thus possible to calculate the P*’s, the 
sustainable prices, numerically. For a given 
value of K one first calculates in which states 
monopoly is not sustainable. For those states ` 
the sustainable price must then be calcu- 
lated. Since both the sustainable profit, II’, 
and the profit to a deviating firm, II¢, are 
quadratic in P*, this involves solving a 
quadratic equation. The relevant root is the 
one that yields the highest value of H” that 
is consistent with the deviating firm plan- 
ning to meet demand or equating price to 

marginal cost. 

The resulting P*’s then enable us to 
calculate a new value for K: the one that 
corresponds to the calculated P*’s.!? We 
can thus iterate numerically on K starting 
with a large number. Since larger values of K 
induce more cooperation, the first K which 
is a solution to the iterative procedure is the 
best equilibrium the oligopoly can enforce 
with competitive punishments. Figure 2 
graphs these equilibrium prices and com- 
pares them to the monopoly prices as a 
function of states for a specific configuration 


tion in c, that part of marginal cost which is indepen- 
dent of q. This results from the fact that the profit 
functions depend on g, only through (a + g, — c). 

The proof of this is contained in an appendix, 
available on request. 

'3In order to do this, however, the profits accruing to 
firms during the punishment period must be calculated. 
Rather than attempting to solve for the mixed-strategy 
equilibria, we used the profits corresponding to price 
equal to marginal cost. In fact, those profits are lower 
than in the mixed-strategy equilibrium which means that 
actual punishments are less severe than we have as- 


„sumed. However, as we show below, even in that case 


monopoly is often sustainable only in states of low 
demand. In any case, the qualitative features of the 
model are unaffected by this assumption, only the actual 
value of e* is affected. 
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FIGURE 2. Prices AS STRATEGIC VARIABLES 
Parameters: a = 60, b=1, c= 0, d=1/3, 
6=0.7, N=5 


of parameters. In particular e, is uniformly 
distributed over {0,1,...,80}. 

As before, the price rises monotonically to 
e* and then falls. The major difference here 
is that eventually the price begins to rise 
again. The explanation for this is straightfor- 
ward. In a state with a high value of £, a 
firm that deviates by shading its price slightly 
is unwilling to supply all that is demanded at 
its lower price. Instead, it will supply only to 
the point where its marginal cost and its 
price are equal. Now consider such a state 
and one with slightly more demand. If the 
oligopoly kept the same price in both states, 
an individual firm would find that its payoff 
from deviating is the same in both states 
(since it would supply to price equals mar- 
ginal cost in both), but that its profits from 
going along are higher in the better state. 
Thus the oligopoly is able to sustain a higher 
price in the better state. 


B. Quantities as Strategic Variables 


There are two differences between the case 
in which quantities are used as strategic vari- 
ables and the case in which prices are. First, 
when an individual firm considers deviations 
from the behavior favored by the oligopoly, 
it assumes that the other firms will keep their 
quantities constant. The residual demand 
curve is therefore obtained by shifting the 
original demand curve to the left by the 
amount of the rivals’ combined output. Sec- 
ond, when firms are punishing each other 
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FIGURE 3. THE INCENTIVE TO DEVIATE WITH 
QUANTITIES AS STRATEGIC VARIABLES 


the outcome in punishment periods is the 
Cournot equilibrium. 

The results we obtain with quantities as 
strategic variables are somewhat weaker than 
those we obtained with prices. In particular, 
it is now not true that any increase in de- 
mand (even with constant marginal costs) 
leads to a bigger incentive to deviate from 
the collusive level of output. However, we 
show that when demand and marginal costs 
are linear, this is the case. We also show with 
that example that increases in demand can, 
as before, lead monotonically to “more com- 
petitive” behavior. 

To see that increases in demand do not 
necessarily increase the incentive to deviate, 
we consider the following counterexample. 
Suppose that demand in states e; and e7 
gives rise to the residual demand curves faced 
by an individual deviating firm in Figure 3. 
These demand curves are merely horizontal 
translations by (N—1)q” of the depicted 
residual demand curves. The monopoly price, 
P™, is the same in both states because there 
is no demand at prices above P”. Although 
these demand curves may seem somewhat 
contrived, they will suffice to establish a 
counterexample. They can be rationalized by 
supposing that there is a substitute good that 
is perfectly elastically supplied at price P”. 

A deviating firm chooses output to maxi- 
mize profits given these residual demand 
curves. Suppose that the maximum profits 
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are achieved at output D and price P? for 
State e/’. For this to be a worthwhile devia- 
tion, it must be the case that the revenues 
from the extra sales due to cheating (CD) are 
greater than the loss in revenues on the old 
sales from the decrease in price from 
P(Q”,-) to P. But (except for a horizontal 
translation) the firm faces the same residual 
demand curve in both states. Thus by selling 
at P“, the extra sales due to cheating are the 
same at e/( AB) as at (CD). Moreover the 
loss in revenue on old sales is strictly smaller 
at e. Therefore the firm has a strictly 


greater incentive to deviate in state e, than 


in state e/’. 

The above counterexample exploits the as- 
sumed structure of demand only to establish 
that the collusive price is the same in both 
states. We have therefore also proved a 
related proposition: for any demand func- 
tion, if the oligopoly keeps its price constant 
when e, increases (thus supplying all the 
increased demand), the incentive to cheat is 
reduced when demand shifts horizontally. 
This is why the oligopoly is always able to 
increase the price as the state improves. 

Now consider the case in which demand 
and marginal costs are linear as in (8) and 
(9). There an increase in g, always leads to a 
bigger incentive to deviate from the collusive 
output./4 As in the previous subsection, if the 
only options for the oligopoly are to either 
compete or collude, price wars emerge when 
demand is sufficiently high. Alternatively, the 


oligopoly can choose a level of output that 


will just deter firms from deviating when 
demand is high. The equilibrium levels of 
output can be obtained numerically in a 
manner analagous to the one used to calcu- 
late the equilibrium sustainable prices in the 
previous subsection. 

Figure 4 plots the ratio of this equilibrium 
price to the monopoly price as a function of 
e. While the equilibrium price rises as e, 
rises, it can be seen that beyond a certain e, 
the ratio of equilibrium price to monopoly 
price falls monotonically. 


14 The proof of this is also contained in the appendix 
available on request. 
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FIGURE 4. QUANTITIES AS STRATEGIC VARIABLES 
Parameters: a = 60, b=1, c= 0, d=1/3, 
6=0.7,N=5 


Il. A Survey of Related Empirical Findings 


The theory presented in the previous sec- 
tion runs counter to the industrial.organiza- 
tion folklore. This folklore is best articulated 
in Scherer, who says: “Yet it is precisely 
when business conditions really turn sour 
that price cutting runs most rampant among 
oligopolists with high fixed costs” (p. 208). 

Given the pervasiveness of this folklore, it 
is incumbent upon us to at least provide 
some fragments of evidence which are con- 
sistent with our theory. There are at least 
three kinds of data capable of shedding light 
on whether prices tend to be low in con- 
centrated industries when their demand is 
high. First, there is the cyclical pattern of 
prices in concentrated industries relative to 
other prices. We can see whether these rela- 
tive prices tend to be pro- or countercyclical. 
Second, a similar analysis can be applied to 
the cyclical pattern of prices in concentrated 
industries relative to their costs. Finally, there 
are the documented episodes of price wars. 
Here what is relevant is whether they 
occurred in periods of high or low demand. 
In this section, we reexamine existing data of 
all three types. It must be pointed out at the 
outset, however, that this analysis is not a 
direct empirical test of the model itself, but 
only a cursory analysis of its most striking 
implication. The need for such direct tests is 
suggested by our findings since they largely 
bear out this implication. 
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TABLE 1—THE CYCLICAL PROPERTIES OF CEMENT PRICES 
(Yearly Data from 1947 to 1981)* 
Dependent Variable 

Coefficient P°/PPI PS/PPI pey peo” pey pe” 
Constant .025 .025 .038 .037 

(.010) (.012) (.007) (.008) 
GNP — 438 — .456 — 875 — 876 

(.236) (197) (.161) (.149) 
p 464 315 

(173) (183) 

R? 10 15 48 52 
D-W 1,03 1.73 1.28 1.92 





ap“ is the price of cement, PPI is the Producer Price Index, and P°” is the price 


index of construction materials. Standard errors are shown in parentheses. 


A. The Cyclical Properties of Cement Prices 


Scherer cites three industries whose experi- 
ence is presented as supporting the folklore: 
rayon, cement and steel. For rayon he cites a 
study by Jesse Markham (1952) which shows 
mainly that the nominal price of rayon fell 
during the Great Depression. Since broad 
price indices fell during this period this is 
hardly proof of a price war. Rayon has since 
been replaced by other materials making it 
difficult to use postwar data to check whether 
any real price-cutting took place during post- 
war recessions. For steel Scherer admits the 
following: “...up to 1968 and except for 
some episodes during the 1929-38 depres- 
sion, it was more successful than either ce- 
ment or rayon in avoiding widespread price 
deterioration, even when operating at less 
than 65% of capacity between 1958 and 1962” 
(p. 210). 

This leaves cement. We study the cyclical 
properties of real cement prices below. We 
collected data on the average price of port- 
land cement from the Minerals Yearbook 
(Bureau of Mines). We then compare this 
price with the Producer Price Index and the 
price index of construction materials pub- 
lished by the Bureau of Labor Statistics. 
Regressions of the yearly rate of growth of 
real cement prices on the contemporane- 
ous rate of growth of GNP are reported in 
Table 1. 

As the table shows, the coefficient of the 
rate of growth of GNP is always meaning- 


fully negative. A 1 percent increase in the 
rate of growth of GNP leads to a 0.5-1.0 
percent fall in the price of cement. To test 
whether the coefficients are significant, the 
regression equations must be quasi dif- 
ferenced since their Durbin-Watson (D-W) 
Statistics are small. Once this is done we find 
the coefficients are all significantly different 
from zero at the 5 percent level. More casu- 
ally, the price of cement relative to the index 
of construction prices rose in the recession 
year 1954, while it fell in the boom year 
1955. Similarly, it rose during the recession 
year 1958 and fell in 1959. These results 
show uniformly that the price of cement has 
a tendency to move countercyclically as our 
theory predicts for an oligopoly. 

These results are of course not conclusive. 
First, it is possible that increases in GNP 
lower the demand for cement relative to that 
for other goods. Without a structural model, 
which is well beyond the scope of this paper, 
this question cannot be completely settled. 
However, the rate of growth of the output of 
the cement industry has a correlation of .69 
with the rate of growth of GNP, and of .77 
with the rate of growth of construction activ- 
ity which is well known to be procyclical. 
Second, our regressions do not include all 
the variables one would expect to see in a 
reduced form. Thus the effect of GNP might 
be proxying for an excluded variable like the 
capacity of cement mines. This variable 
would probably be expected to exercise a 
negative effect on the real price of cement. It 
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must be pointed out, however, that capacity 
itself is an endogenous variable which also 
responds to demand. It would thus be 
surprising if enough capacity were built in a 
boom to more than offset the increase in 
demand. If anything, the presence of costs of 
adjusting capacity would make capacity rela- 
tively unresponsive to increases in GNP. 


B. The Cyclical Properties of 
Price-Cost Margins 


In the industrial organization literature 
there have been a number of studies that 
have attempted to measure the cyclical varia- 
tions in price-cost margins. Usually these are 
measured by sales minus payroll and material 
costs divided by sales. This is a crude ap- 
proximation to the Lerner Index which has 
the advantage of being easy to compute. 
Indeed, Scherer cites a number of studies 
which analyzed the cyclical variability of 
these margins in different industries. These 
studies have led to somewhat mixed conclu- 
sions. However, Scherer concludes: “The 
weight of the available statistical evidence 
suggests that concentrated industries do ex- 
hibit somewhat different pricing propensities 
over time than their atomistic counterparts. 
They reduce prices (and more importantly) 
price-cost margins by less in response to a 
demand slump and increase them by less in 
the boom phase” (p. 357). This does not fit 
well with the folklore which would predict 
that, on average, prices would tend to fall 
more in recessions the more concentrated is 
the industry. On the other hand, a recent 
paper by Ian Domowitz, Glenn Hubbard, 
and Bruce Petersen (1986a) finds more pro- 
cyclical movements of price-cost margins in 
concentrated industries. 

Price-cost margins can only be interpreted 
as the Lerner Index if labor costs are propor- 
tional to output. However, there is a large 
fixed component to labor costs. Thus when 
output rises, the ratio of labor costs to reve- 
nues falls and, ceteris paribus, price-cost 
margins rise. Therefore, if the fixed labor 
cost tends to be higher in concentrated in- 
dustries, one expects to find their price-cost 
margins to be relatively procyclical. 
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We therefore also study some independent 
evidence on margins. Michael Burda (1984) 
reports correlations between employment and 
real product wages in various 2-digit in- 
dustries. These real product wages are given 
by the average hourly wage paid by the 
industry divided by the value-added deflator 
for the industry. They can be interpreted as a 
different crude measure of marginal cost over 
prices. Their disadvantage over the tradi- 
tional price-cost margin is that, unlike the 
latter, to interpret them in this way requires 
not only that materials be proportional to 
output, but also that materials costs be sim- 
ply passed through as they would in a com- 
petitive industry with this cost structure. On 
the other hand, their advantage over the 
traditional measure is that they remain valid 
when some of the payroll expenditure is a 
fixed cost as long as, at the margin, labor has 
a constant marginal product. Moreover, it 
turns out that if the marginal product of 
labor actually falls as employment rises, our 
evidence provides even stronger support for 
our theory. 

The correlations reported by Burda for the 
real product wage and employment using 
detrended yearly data from 1947 to 1978 are 
reported in Table 2, which also reports the 
average four-firm concentration ratio for each 
2-digit industry. This average is obtained by 
weighting each 4-digit. SIC code industry 
within a particular 2-digit SIC code industry 
by its sales in 1967. These weights were then 
applied to the 1967 four-firm concentration 
indices for each 4-digit SIC code industry 
obtained from the Census.!° 

At first glance it is clear from Table 2 that 
more concentrated industries like motor 
vehicles and electrical machinery tend to have 
positive correlations while less concentrated 
industries like leather, food, and wood prod- 
ucts tend to have negative correlations. 
Statistical testing of this correlation with the 


15When constructing these aggregate concentration 
indices we systematically neglected the 4-digit SIC code 
industries which ended in 99. These contain miscella- 
neous or “not classified elsewhere” items whose con- 
centration index does not measure market power in a 
relatively homogeneous market. 
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TABLE 2—- CONCENTRATION AND THE CORRELATION 
BETWEEN REAL WAGES AND EMPLOYMENT 








SIC Corre- Concen- 
Number Industry Designation lation tration 
Durables Manufacturing 
24 Lumber and Wood 

Products ~ 33 17.6 
25 Furniture and Fixtures —.18 21.6 
32 Stone, Clay and Glass 39 37.4 
33° Primary Metals 32 42.9 
34 Fabricated Metal 

Industries 23 29.1 
35 Machinery except 

Electrical 12 36.3 
36 Electrical and 

Electronic Equipment 134 45.0 
371 Motor Vehicles and 

Equipment 19 80.8 
372-9 Other Transportation 

Equipment 02 50.1 
38 Instruments and Related 

Products — 36 47.8 
Nondurables Manufacturing 
20 Food and Kindred 

Products — 30 34.5 
21 Tobacco Manufactures — 64 73.6 
22 Textile Mill Products .04 34.1 
23 Apparel and Related 

Products —.53 19.7 
26 Paper and Allied 

Products — 42 31.2 
27 Printing and Publishing 40 18.9 
28 Chemical and Allied 

Products — .03 49,9 
29 Petroleum and Coal 

Products — 48 32.9 
30 Rubber 16 69.1 
31 Leather and Leather 

Products — 44 24.5 


concentration index is, however, somewhat 
delicate. That is because our theory does not 
predict that an industry which is 5 percent 
more concentrated than another will reduce 
prices more severely in a boom. On the con- 
trary, a fully fledged monopoly will always 
charge the monopoly price which usually 
increases when demand increases. All our 
theory says is, that as soon as an industry 
becomes an oligopoly it becomes likely that 
it will cut prices in booms. 

Naturally the concentration index is not a 
perfect measure of whether an industry is an 
oligopoly. Indeed, printing has a low con- 
centration index even though its large com- 
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TABLE 3—-CONCENTRATION/ CORRELATION 
CONTINGENCY TABLE 








Unconcentrated Concentrated Total 













Negatively 
Correlated 








Positively 
Correlated 


Total 


ponents are newspapers, books, and mag- 
azines that are in fact highly concentrated, 
once location in space or type is taken into 
account. Nonetheless, higher concentration 
indices are at least indicators of a smaller 
number of important sellers. Glass is un- 
doubtedly a more oligopolistic industry than 
shoes. So we classify the sample into rela- 
tively unconcentrated and relatively con- 
centrated and choose, somewhat arbitrarily, 
as the dividing line the median concentration 
of 35.4. This lies between food and nonelec- 
trical machinery. Table 3 is the resulting 
2X2 contingency table. 

An alternative table can be obtained by 
neglecting the three observations whose cor- 
relations are effectively zero. These are sec- 
tors 22, 28, and 372-9. Their correlations are 
at most equal in absolute value to one-third 
of the next lowest correlation. Then the con- 
tingency table has, instead of the values 
7:3:3:7, the values 7:2:2:6. 

It is now natural to test whether con- 
centrated and unconcentrated industries have 
the same ratio of positive correlations to 
negative ones against the alternative that this 
ratio is significantly higher for concentrated 
industries. The x? test of independence actu- 
ally only tests whether the values are unusual 
under the hypothesis of independence with- 
out focusing on our particular alternative. It 
rejects the hypothesis of independence with 
92 percent confidence using the values of 
Table 3 and with 97 percent confidence using 
the values 7:2:2:6. This test is, however, 
likely to be flawed for the small sample we 
consider. Fisher’s test would appear more 
appropriate since it is an exact test against 
the alternative that more concentrated sec- 
tors have more positive correlations. With 
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this test the hypothesis that the ratio of 
positive correlations is the same can be re- 
‘jected with 91 percent confidence using the 
data of Table 3 and with 96 percent con- 
fidence using 7:2:2:6.26 

These regularities should be contrasted to 
the predictions of the standard theory of 
labor demand. In this theory, employment 
rises only when the real product wage falls. 
This occurs in both monopolistic and com- 
petitive industries as long as there are di- 
‘minishing returns to labor. Therefore, the 
finding that the product wage rises when 
employment rises suggests the widespread 
price cutting our theory implies. 

There is an alternative classical explana- 
tion for our findings. This explanation relies 
on technological shocks. These shocks can, in 
principle, either increase or decrease the de- 
mand for labor by a particular sector. If they 
increase the demand and the sector faces an 
upward-sloping labor supply function, em- 
ployment and real wages can both increase. 
The difficulty with this alternative explana- 
tion is that the sectors with positive correla- 
tions do not appear to be those which a 
casual observer would characterize as having 
many technological shocks of this type. In 
particular, stone, clay and glass, printing and 
publishing, and rubber appear to be sectors 
with fairly stagnant technologies. On the 
other hand, instruments and chemicals may 
well be among those whose technology has 
been changing the fastest. 


C. Actual Price Wars 


There have been two recent studies show- 
ing that some industries alternate between 
cooperative and noncooperative behavior. 
The first is due to Bresnahan (1981). He 
studies the automobile industry in 1954, 1955, 
and 1956, and attempts to evaluate the dif- 
ferent interpretations of the events of 1955. 
That year production of automobiles climbed 
by 45 percent only to fall 44 percent the 


lé These results are consistent with evidence by 
Domowitz, Hubbard, and Petersen (1986b) which shows 
that value-added deflators tend to be more countercycli- 
cal in concentrated industries. 
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following year. Bresnahan formally models 
the automobile industry as choosing prices 
each year for a given set of models offered by 
each firm. He concludes that the competitive 
model of pricing fits the 1955 data taken by 
themselves while the collusive model fits the 
1954 and 1956 data. Those two years ex- 
hibited at best sluggish GNP growth. GNP 
fell 1 percent in 1954 while it rose 2 percent 
in 1956. Instead, 1955 was a genuine boom 
with GNP growing 7 percent.” Insofar as 
cartels can only sustain either competitive or 
collusive outcomes, this is what our theory 
predicts. Indeed, in our model, the competi- 
tive outcomes will be observed only in booms. 

Porter (1983b) studies the railroad cartel 
which operated in the 1880’s on the Chicago- 
New York route. He uses time-series evi- 
dence to show that some weeks were collu- 
sive while others were not. 

We present some of his findings in the first 
three columns of Table 4. The first column 
shows an index of cartel nonadherence 
estimated by Porter. He shows that this in- 
dex parallels quite closely the discussions in 
the Railway Review and in the Chicago Tri- 
bune which are reported by Thomas Ulen 
(1978). The second column reports rail ship- 
ments of wheat from Chicago to New York. 
The third column shows the percentage of 
wheat shipped by rail from Chicago relative 
to the wheat shipped by both lake and rail. 
The fourth column presents the national pro- 
duction of grains estimated by the Depart- 
ment of Agriculture. Finally the last column 
represents the number of days between April 
1 and December 31 that the Straits of Mack- 
inac remained closed to navigation. (They 
were always closed between January 1 and 
March 31.) 

The three years in which the most severe 
price wars occurred were 1881, 1884, and 
1885. Those are also the years in which rail 
shipments are the largest, both in absolute 
terms and relative to lake shipments. This 


It must be noted that the focus of Bresnahan’s 
study is the 1955 model year which doesn’t coincide 
with the calendar year. Nonetheless his data on prices 
correspond to April 1955. By that time the boom was 
well under way. 
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TABLE 4— RAILROADS IN THE 1880's 
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Rail 

Shipments 

Estimated (Million 

Nonadherence bushels) 

1880 0.00 4.73 
1881 0.44 7.68 
1882 0.21 2.39 
1883 0.00 2.59 
1884 0.40 5.90 
1885 0.67 5.12 
1886 0.06 2.21 


Total Grairi 

Fraction Production Days Lakes 
Shipped (Billion Closed 
by Rail Tons)*° 4/1-12/318 

22.1 2.70 35 

50.0 2.05 69 

13.8 2.69 35 

26.8 2.62 58 

34.0 2.98 58 

48.5 3.00 61 

17.4 2.83 50 


* Obtained from the Chicago Board of Trade (1880-86). . 
>This total is constructed by adding the productions of wheat, corn, rye, oats, and 


barley in tons. 


certainly does not suggest that these wars 
occurred in periods of depressed demand. 
However, shipments may have been high only 
because the railroads were competing even 
though demand was low. To analyze this 
possibility, we report the values of two natu- 
ral determinants of demand. The first is the 
length of time during which the lakes were 
closed. The longer the lakes remained closed, 
the larger was the demand for rail transport. 
The lakes were closed the longest in 1881 
and 1885. These are also the years in which 
the index of cartel nonadherence is highest. 
In 1883 and 1884, the lakes remained closed 
only slightly less time than in 1885 and yet 
there were price wars only in 1884. The 
second natural determinant of demand, total 
grain production, readily explains the anom- 
alous behavior of 1883. In 1883, total grain 
production was the second lowest in the en- 
tire period and in particular, was 12 percent 
lower than in 1884. This might have de- 
pressed demand so much that, in spite of the 
lake closings, total demand for rail transport 
was low enough to warrant cooperation. !* 


18 Our analysis uses annual aggregates rather than the 
weekly data used by Porter. As the estimate of cartel 
nonadherence in Table 2 shows, however, the price wars 
in 1881, 1884, and 1885 did not last the entire year. 
Indeed, in each of those years there were at least two 
separate episodes of price wars. Using only annual data 
we are unable to show that each of the price wars 
occurred during a high demand period. Some relevant 
evidence is provided in a more recent study by Porter 
(1985). There, using weekly data, he finds that price 


In summary, the years in which the cartel 
was unable to collude effectively were also 
years in which demand seems to have been 


high. 
II. General Equilibrium Consequences 


So far we have considered only the behav- 
ior of an oligopoly in isolation. To study the 
aggregate consequences of this behavior, we 
need to model the rest of the economy. We 
consider a two-sector general equilibrium 
model in which the first sector is competitive 
while the second is oligopolistic. There is 
also a competitive labor market. To keep the 
model simple, it is assumed that workers 
have a horizontal supply of labor at a wage 
equal to P,,, the price of the competitive 
good. Since the model is homogeneous of 
degree zero in prices, the wage itself can be 
normalized to equal one. So the price of the 
good produced competitively must also equal 
one. This good can be produced with various 
combinations of labor and good 2. In par- 
ticular the industrywide production function 
of good 1 is given by 


BQ} ELi 
(10) Oy, =eQn— A + Ly 


wars were more likely to occur in any period the larger 
the quantity sold in the previous period. This suggests 
that price wars tended to begin when firms expected 
unusually high demand. 
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where Q,, is the output of the competitive 
sector at t, Q, is the amount of good 2 
employed in the production of good 1 at t 
and L,, is the amount of labor used in the 
production of good 1. Since the sector is 
competitive the price of each factor and its 
marginal revenue product are equated. Thus: 


(11) Ee ly= 7s. 
(12) Py, = a- BQ). 


-© On the other hand the demand for good 2 
by consumers is given by 


Py, =n- MQo,+ e, 


where Q,., is the quantity of good 2 
purchased by consumers, n and m are 
parameters, and e, is an independently and 
identically distributed random variable. 
Therefore total demand for good 2 is given 
by 


(13) Py, =a+e,-bQ,,, 
a= (ng +ma)/(m +B), 
e,=e,B/(m+B), 
b= mB/(m + B). 


Note that equation (13) is identical to 
equation (8). To continue the parallel with 
our sections on partial ‘equilibrium, we as- 
sume that the labor requirement to produce 


Qaz is 
La, = cQ + (d/2)Q3,, 


which implies that, as before, marginal cost 
is c+dQ,,. The model would be unaffected 
if good 1 were also an input into good 2 
since P,, is always equal to the wage. If 
sector 2 behaved competitively marginal cost 
would equal P,,. Then output of good 2 
would be Q5, while price would be PJ: 


Q5,=(ate,—c)/(b+4), 
P= ((a+e,)d+be)/(b+4d). 
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An increase in e, raises both the competi- 
tive price and the competitive quantity of 
good 2. By (12), less of good 2 will be used in 
the production of good 1 thus leading to a 
fall in the output of good 1. So, a shift in 
tastes raises the output of one good and 
lowers that of the other. The economy im- 
plicitly has, given people’s desire for leisure, 
a production possibility frontier. 

Similarly, if sector 2 always behaves like a 
monopolist, increases in e, raise both P,, 
and Q,, thus lowering Q,,. Once again shifts 
in demand are unable to change the levels of 
both outputs in the same direction. On the 
other hand, if the industry behaves like the 
oligopoly considered in the previous sections, 
an increase in «, can easily lead to a fall in 
the relative price of good 2.!° This occurs in 
three out of the four scenarios considered in 
Section I. It occurs when the unsustainability 
of monopoly leads to competitive outcomes 
whether the strategic variable is price or out- 
put as long as increases in e, make monopoly 
harder to sustain. It also always occurs when 
the strategic variable is prices and the oligop- 
oly plays an optimal supergame. The de- 
crease in P,, in turn leads firms in the first 
sector to demand more of good 2 as an input 
and to increase their output. So, a shift in 
demand towards the oligopolistic goods raises 
all outputs much as all outputs move to- 
gether during business cycles.”° 

A number of comments deserve to be made 
about this model. First, our assumption that 
the real wage in terms of good 1 is constant 
does not play an important role. In equi- 
librium the reduction in P,, raises real wages 
thus inducing workers to work more even if 
they have an upward-sloping supply sched- 


19This fall in the price of a good in response to an 
increase in its demand would also characterize industries 
with increasing returns to scale which, for some reason, 
equated price to average costs. 

20 Business cycles are persistent and thus cannot ade- 
quately be modeled as resulting from the independently 
and identically distributed shifts considered in previous 
sections. However, what is necessary for prices to be low 
when demand is high is only that the punishments for 
deviating be carried out mostly in states of lower de- 
mand. This is likely to happen even if demand follows a 
fairly general stationary process. 
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ule for labor. Whether this increased supply 
of labor would be sufficient to meet the 
increased demand for employees by sector 2 
in unclear. If it wasn’t, the wage would have 
to rise in terms of good 1. More interestingly, 
if the increased supply of labor was large, P,, 
would have to rise thus increasing employ- 
ment also in sector 1. This would lead to an 
expansion even if good 2 was not an input 
into good 1. This pattern of price movements 
is consistent with the evidence on the corre- 
lation between product wages and employ- 
ment presented in Section II. 

Second, the model can easily be made 
consistent with the procyclical variation of 
profits. Even though sector 2 reduces the 
margin between price and marginal cost as 
output expands, the difference between reve- 
nues and total costs can increase as long as 
there are fixed costs. 

Third, the analysis leaves unexplained the 
causes of the shifts in sectoral demands. To 


make sense of actual business cycles, within’ 


the context of the models described here, one 
would have to relate these shifts in demand 
to changes in the money supply and interest 
rates which are highly correlated with cycli- 
cal fluctuations. While the connection be- 
tween financial variables and shifts in de- 
mand is beyond the scope of this paper, it 
must be noted that such shifts form part of 
‘the popular discussion of the early.stages of 
recoveries. At that point, consumers’ desires 
for cars-and other durables picks up. 

Our model exhibits a variety of somewhat 
Keynesian features. First, changes in aggre- 
gate output are related to fluctuations in 
demand and not, unlike in classical models, 
to changes in supply conditions such as pro- 
ductivity or labor supply.” Second, the 
model has the potential for providing an 


21 Keynesian models usually focus on changes in “ag- 
gregate demand” whereas our model hinges on changes 
in relative demand. However, in practice, when house- 
holds demand more, they demand disproportionately 
more from certain oligopolistic sectors such as the con- 
sumer durables sector. Therefore, the distinction be- 
tween the two types of changes in demand may not be 
very important. 
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explanation for the stickiness of prices dis- 
cussed, for example, in Rotemberg (1982). 
Suppose that increases in e, are correlated 
with increases in the money supply. Then 
increases in output are correlated with in- 
creases in the money supply. As long as 
increases in output raise the demand for real- 
money balances, increases in the money 
supply will be correlated with increases in 
real money balances. Prices do not rise 
equiproportionately. Third, we can discuss 
the multiplier in the context of our model. 
This concept reflects the idea that increases 
in demand lead output to rise which then 
leads to further increases in demand. Here a 
shift in demand towards an oligopolistic sec- 
tor can raise that sector’s output, lower its 
prices and thus raise national income. In 
turn, this increased national income can lead 
to increases in the demand for other goods 
produced in other oligopolistic markets, thus 
lowering their prices and raising their output 
as well. 


IV. Conclusions 


The data we study show moderate support 
for the theories developed in this paper. This 
suggests that both the theories and their em- 
pirical validation deserve to be extended. 

The theory of oligopoly might be extended 
to include also imperfectly observable de- 
mand shifts, prices and outputs of the type 
studies by Green and Porter. The advantage 
of introducing unobservable shifts in de- 
mand is that these can induce reversions to - 
punishing behavior even when all firms are 
acting collusively. A natural question to ask 
is whether reversions to punishing behavior 
that result from unobservable shocks are 
more likely when everybody expects the de- 
mand curve to have shifted out. Unfor- 
tunately, this appears to be a very dif- 
ficult question to answer. Even the features of 
the optimal supergame without observable 


` shocks discussed in Porter (1983a) are hard 


to characterize. Adding the complication that 
both the length of the punishment period as 
well as the price that triggers a reversion 
depend on observable demand is a for- 
midable task. 
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In this paper we considered only business 
cycles that are due to the tendency of oli- 
gopolists to act more competitively when 
demand shifts towards their products. An 
alternative and commonly held view is that 
business cycles are due to changes in aggre- 
gate demand which do not get reflected in 
nominal wages. In that case, a decrease in 
aggregate demand raises real wages, thereby 
reducing all outputs. In our theory of oligop- 
oly, firms tend to collude more in these 
periods. Hence recessions are not only bad 
because output is low, but also because 
microeconomic distortions are greater. This 
suggests that stabilization of output at a 
high level is desirable because it reduces 
these distortions. 

On the other hand, the business cycles 
discussed here do not necessarily warrant 
stabilization policy. While models of real 
business cycles merely feature ineffective sta- 
bilization policies, here such policies might 
actually be harmful. Booms occur because, 
occasionally, demand shifts towards oligopo- 
listic products. In these periods the incentive 
to deviate from the collusive outcome is 
greatest, because the punishment will be felt 
in periods that, on average, have lower de- 
mand and hence lower profits. If, instead, 
future demand were also known to be high, 
the threat of losing the monopoly profits in 
those good periods might well be enough to 
induce the members of the oligopoly to col- 
lude now. So, if demand for the goods pro- 
duced by oligopolies were stable they might 
collude always, leaving the economy in a 
permanent recession.”* Therefore the merits 
of stabilization policy hinge crucially on 
whether business cycles are due to shifts in 
demand unaccompanied by nominal rigidi- 
ties, or whether they are due to changes in 
aggregate demand accompanied by such 
rigidities. Disentangling the nature of the 
shifts in the demand faced by: oligolopies 
therefore seems to be a promising line of 
research. 


22 For the examples in Figures 3 and 4, this occurs as 
long as ô > 0.8 when prices are the strategic variables, 
or ô = 0.25 when quantities are the strategic variables. 
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Much work also remains to be done em- 
pirically validating our model itself. In Sec- 
tion II we presented a variety of simple tests 
capable of discriminating between the in- 
dustrial organization folklore and our theory. 
Since none of them favored the folklore, it 
may well be without empirical content. On 
the other hand, our theory deserves to be 
tested more severely. First, a more disaggre- 
gated study of the cyclical properties of 
price-cost margins seems warranted. Unfor- 
tunately, data on value-added deflators do 
not appear to exist at a more disaggregated 
level so a different methodology will have to 
be employed. Second, our theory has strong 
implications for the behavior of structural 
models of specific industries. The study of 
such models ought to shed light on the extent 
to which observable shifts in demand affect 
the degree of collusion. 

Finally, our theory can usefully be applied 
to other settings. Consider, in particular, the 
game between countries as they set their 
tariffs. In standard models, unilateral tariffs 
may be desirable either as devices to exercise 
monopsony power or, with fixed exchange 
rates, to increase employment. The noncoop- 
erative outcome in a game between the coun- 
tries may have very little international trade. 
In a repeated game, more international trade 
can be sustained by the threat to curtail 


„trade further. If unilateral trade barriers be- 


come more attractive in recessions (because 
the gains in employment they induce are 
valued more), the equilibrium will have trade 
wars in states of depressed demand. 
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An Analysis of the Selection of Arbitrators 


By Davip E. BLOOM AND CHRISTOPHER L. CAVANAGH* 


This paper analyzes data on union and employer rankings of different panels of 
arbitrators in an actual arbitration system. A random utility model of bargainer 
preferences is developed and estimated. The estimates indicate that unions and 
employers have similar preferences: in favor of lawyers, more experienced arbitra- 
tors, and arbitrators who seem to have previously favored their side. Tests of 
whether bargainers rank arbitrators strategically reveal no evidence of such 


behavior. 


Arbitration is a rapidly growing method 
for resolving disputes. It is used widely in the 
United States to resolve private disputes aris- 
ing under collective bargaining agreements 
and commercial contracts, to resolve certain 
types of civil disputes, and to set wages in 
the public sector. Although arbitration has 
been applied in a wide range of settings and 
takes numerous forms, the central feature of 
virtually all arbitration mechanisms is that 
they involve a third party, that is, an arbitra- 
tor or panel of arbitrators, hearing and de- 
ciding how a dispute is to be resolved. In this 
respect, arbitration may be viewed as a 
private-sector analog to the court system with 
arbitrators performing similar functions to 
judges. Arbitration tends, however, to be a 
cheaper, quicker, and less formal method of 
dispute resolution than the court system. 
Arbitration systems also tend to provide dis- 
puting parties with greater latitude in choos- 
ing “judges” (i.e., arbitrators) than do court 
systems.! 

Among persons who are regularly involved 
in arbitration, it is generally accepted that 
good arbitrators are the key to “good arbi- 
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For some additional comparisons of arbitration and 
the court system, in which the advantages of arbitration 
are stressed, see the text of Chief Justice Warren Burger’s 
(1985) remarks to the American Arbitration Association 
and the Minnesota State Bar Association. 
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tration.” However, there seems to be far less 
consensus about the meaning of the phrase 
“good arbitrators.” For example, is a good 
arbitrator someone who favors your side, or 
someone who is painstakingly fair in arriving 
at a decision? Is it someone who has exten- 
sive experience with the type of dispute at 
hand, or someone with good common sense 
and the ability to analyze, interpret, and 
judge? Is it someone who tries to appease the 
parties by splitting decisions, or someone 
who strictly “calls them as he or she sees 
them?” 

Our purpose in this paper is to address 
these and other related questions by present- 
ing an empirical analysis of the selection of 
arbitrators. We do this by analyzing a 
remarkable set of data on the preferences of 
unions and employers for different arbitra- 
tors under New Jersey’s Fire and Police 
Arbitration Law. According to this law, dis- 
putes over terms and conditions of employ- 
ment involving New Jersey’s organized pub- 
lic safety employees and the governments 
that employ them must be resolved by arbi- 
tration. Arbitrators, whose awards are bind- 
ing by law, are chosen by the bargainers 
from a roster of roughly seventy names 
maintained by the New Jersey Public Em- 
ployment Relations Commission (PERC). In 
cases in which the bargainers are unable to 
negotiate an agreement, PERC circulates a 
list of seven arbitrators and their resumes to 
the parties, each of which is instructed to 
veto three names and to rank, in order of 
their preferences, the remaining four names. 
PERC then appoints as arbitrator the indi- 
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vidual who was not vetoed by either side, 
and whose combined rank is highest; rank 
ties are broken randomly by PERC. 

- Using information on employer and union 
rankings of different panels of arbitrators, 
along with information on the characteristics 
of the arbitrators, we attempt to provide 
direct evidence on the following three issues: 

1) How similar are the preferences of 
unions and employers with respect to a given 
panel of arbitrators? 

2) What characteristics of arbitrators do 
unions and employers find desirable or un- 
desirable? Do the unions and employers at- 
tach the same or different weights to specific 
characteristics? and 

3) Do unions or employers engage in 
strategic behavior in ranking arbitrators? 

In proceeding this way, we also hope to 
shed light on three broader issues. First, there 
has recently developed in the academic liter- 
ature a body of theoretical work on the 
subject of bargaining and arbitration.* The 
basic premise of most of this work is that 
arbitration is simply a mechanism for dis- 
tributing income between conflicting inter- 
ests. In contrast, institutional economists and 
labor practitioners place greater emphasis 
on arbitration as a mechanism for helping 
disputants identify and reach efficient out- 
comes. In their view, arbitrators are profes- 
sional gatherers and processors of informa- 
tion who play a highly constructive role in a 
bargaining process which is better treated as 
a cooperative attempt at problem solving 
than as direct economic conflict. By analyz- 
ing the similarity of union and employer 
preferences for individual arbitrators and for 
different arbitrator characteristics, we sus- 
pect that much can be learned about the 
general issue of whether collective bargaining 
is primarily an institution of cooperation or 
conflict. ; 

Second, one of the most important char- 
acteristics of arbitration systems is that they 
may be designed in different ways. Indeed, 


See, especially, the work of Vincent Crawford (1979, 
1982) and Henry Farber (1980) and Farber and Harry 
Katz (1979). For a useful review of selected empirical 
analyses of some of the theoretical issues raised in these 
papers, see Orley Ashenfelter (1985). 
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one key dimension in which arbitration sys- 
tems differ involves the mechanism for select- 
ing the arbitrator. Most mechanisms take 
account of the parties’ preferences, either 
through a rank-four/veto-three system like 
New Jersey’s, or by allowing each party to 
successively veto a name from an odd-num- 
bered list of three or more arbitrators. Other 
arbitration systems appoint arbitrators on a 
purely rotating basis from a list agreed to in 
advance by potential disputants or estab- 
lished by a third party such as the state. A ` 
final system involves the appointment of.a 
single individual or panel of individuals to 
arbitrate all disputes involving a particular 
set of parties and arising in a specified period 
of time. 

The key feature of all of these systems is 
that they guarantee the appointment of an 
arbitrator without requiring explicit agree- 
ment (or even face-to-face contact) by two 
parties who are unable to reach agreement 
on some other (substantive) matter. In ad- 
dition, these systems all prescreen individu- 
als before they are added to the master list of 
eligible arbitrators. However, the first two 
systems provide for an additional level of 
screening by the parties prior to the appoint- 
ment of an arbitrator to hear a particular 
case. This additional level of screening is said 
to contribute to the legitimacy of the arbitra- 
tor and his award in the eyes of the parties. 
However, it can also contribute to delays in 
the arbitration process, which is one of the 
most frequently cited complaints about arbi- 
tration. Thus, it is interesting to ask whether 
the appointment of arbitrators can be left 
entirely in the hands of the state or some 
impartial organization like the American 
Arbitration Association, or whether it is im- 
portant to take account of the parties’ prefer- 
ences on a case-by-case basis. We will address 
this question below when we analyze the 
strength of union and employer preferences 
for different members of a set of “pre- 
screened” arbitrators.’ 


3In many respects, the selection of an arbitrator is 
just one example of a general class of social choice 
problems in which two or more economic agents must 
collectively decide an intermediate or final outcome of 
some economic game. Voting for public officials, 
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Third, our study raises important ques- 
tions about the possibility of stategic behav- 
ior and its treatment in empirical analysis. In 
particular, it is well known that the outcomes 
of voting mechanisms can often be manipu- 
lated by the strategic misrepresentation of 
preferences. Although it is natural to address 
. this problem by directly estimating a struc- 
tural model of the underlying economic game, 
the complexity and dimensionality of the 
game may render this approach infeasible, as 
it does in our case. Thus, we develop some 
indirect tests that we think will let us “back 
our way” into strategic behavior if it is there. 
We suspect that the type of indirect ap- 
proach we propose may be useful in a variety 
of game-theoretic settings in which the games 
are too complicated to solve. 

In Section I, we provide some institutional 
background on the selection of arbitrators 
and describe our data. In Section II we set 
out a simple random utility model that we 
use to represent the preferences of employers 
and unions for arbitrators with different 
characteristics. We also present the likeli- 
hood function we maximize to estimate the 
parameters of this model.* In Section III we 
present a descriptive summary of the data. 


reaching committee decisions, choosing reals estate ap- 
praisers (for example, in cases of eminent, domain), and 
determining the recipients of different honors and awards 
are all examples. But the examples which are most 
closely akin to the problem of selecting an arbitrator are 
the problems of judge and jury selection. In the case of 
judges, prescreening is substantial (for example, all 
federal judges must be nominated by the president and 
confirmed by the Senate), although assignments are 
random except for the practice of “forum shopping” 
and recusing in situations where there are conflicts of 
interest. On the other hand, prescreening is minimal in 
the process of jury selection since federal and state jury 
selection laws generally require that potential jurors be 
“selected at random from a fair cross section of the 
community” (P.L. 90-274, 82 Stat. 53). However, jury 
selection procedures offer opportunities to remove jurors 
both for cause and, although to a lesser extent, without 
cause. These procedures, known as voir dire, are mod- 
eled in Arthur Roth et al. (1977). 

*Detailed derivations of all of the likelihood func- 
tions we use and their properties are presented in the 
Appendix to our 1985 paper, which is available on 
request. 
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We also present estimates of the econometric 
model as well as two alternative models we 
estimate to test for the presence of strategic 
behavior. Section IV summarizes and con- 
cludes the paper. 


I. Institutional Background 


Most of the data analyzed in this paper 
were drawn from PERC’s arbitration rec- 
ords. First, we collected information on the 
lists of arbitrators sent by PERC to disput- 
ing parties along with the preference rank- 
ings returned to PERC by the parties. We 
focused only on cases involving 1980 con- 
tract negotiations. That was the third year of 
operation of the New Jersey arbitration sys- 
tem and the third (and final) year in which 
PERC used its original master list of eligible 
arbitrators to form panels. Thus, we felt 
that by 1980 the parties had reasonably good 
information about the arbitrators on which 
to base their preference rankings. In many 
cases, at least one of the parties did not 
strictly follow PERC’s request for a prefer- 
ence ranking. Sometimes parties ranked more 
than four names on the list; other times the 
parties vetoed more than three names; in a 
few cases a party responded to PERC by 
saying that all seven names were equally 
acceptable; there were also a number of cases 
in which a party either failed to express its 
preferences to PERC or its preferences were 
simply not recorded in the PERC records.® 
Altogether we collected information on 193 
arbitration panels. Of these, 75 are perfect in 
the sense that both parties ranked four names 
and vetoed three names. It should also be 
noted that many (indeed, most) of the cases 
for which PERC circulated arbitration pan- 
els did not end up being arbitrated. In other 
words, many disputants were able to reach 
voluntary settlements after the arbitration 


5PERC revises its master list of eligible arbitrators 
every three years. 

6 This unbalanced data configuration complicates the 
descriptive presentation of the data below. However, the 
econometric model developed in Section II is ideally 


` suited to this type of problem and makes efficient use of 


all available information. 
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panel was circulated but before a binding 
arbitration award was rendered. This char- 
acteristic of the bargaining /arbitration pro- 
cess in New Jersey explains why some parties 
did not report their arbitrator preferences to 
PERC (i.e., either their case was settled be- 
fore the due date for reporting their prefer- 
ences, or they expected that it would not end 
up in arbitration). 

Second, we collected information on the 
characteristics of the sixty-nine arbitrators 
on PERC’s master list. This information was 
derived from a variety of sources including 
PERC’s 1978 and 1979 interest arbitration 
records and awards, PERC’s 1979 grievance 
arbitration records, and the arbitrators’ 
resumes. In collecting this background infor- 
mation, we were guided by the institutional 
literature on the relevant characteristics of 
arbitrators and by conversations with labor 
relations practitioners.” Roughly speaking, 
the relevant characteristics of arbitrators 

_ seem to fall into four categories: 1) impar- 
tiality; 2) consistency; 3) training; and 4) 
experience.® 

Impartiality refers to an arbitrator’s lack 


of predisposition to rule in favor of one side . 


or the other. This characteristic is usually 
` judged by considering an arbitrator’s prior 
decisions. It appears to be the most im- 
portant characteristic of an arbitrator since 


7We relied particularly on material contained in Lois 
MacDonald (1948) and Frank Elkouri and Edna Elkouri 
(1985), and on conversations with Ben Fischer (former 
head of the Arbitration Department of the United Steel- 
workers of America) and Richard Reilly (Regional Di- 
rector of the American Arbitration Association, Boston 
Region). 

®The per diem that arbitrators charge is also a way in 
which they differ. Most ad hoc arbitrators, for example, 
presently charge between $200 and $600 per day, plus 
expenses. Although little is known about the extent to 
which cost influences the selection of an arbitrator, it 
does drain the parties’ funds and has been argued to be 
an important determinant of the use of arbitration in 
the case of financially smali disputants (see Bloom, 
1981). In the New Jersey system under study, PERC 
establishes a maximum per diem rate which is the rate 
charged by-nearly all of the arbitrators ji the master 
list. As a result, there is very little variation in arbitra- 
tion fees across arbitrators. Thus, we do not include this 
variable in our empirical analysis. 
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no party is likely to be satisfied with an 
arbitrator it perceives to be biased against its 
position. There has even been some debate 
over whether disputants prefer arbitrators 
who they perceive to be biased in their favor. 
On the one hand, such bias is desirable be- 
cause it suggest a higher probability of re- 
ceiving a favorable arbitration decision: But, 
on the other hand, it damages the integrity of 
the institution of arbitration and does not 
promote the legitimacy and mutual accept- 
ability of the arbitrator’s award. 
Consistency refers to the extent to which 
an arbitrator decides cases solely on their 
merits, without reference to his (or her) “box 


. score” of previous decisions. The parties’ 


concern with the consistency of arbitrators 
stems from their awareness that many arbi- 
trators derive considerable income from arbi- 
trating, and therefore may have an incentive 
to “split their awards” in order to appear 
impartial and maintain their acceptability. 
Such a practice greatly threatens the institu- 
tion of arbitration, since it suggests that a 
certain fraction of cases will be won by a 
given party, not on their merits, but simply 
because they are brought before an arbitra- 
tor. Consistency is most often judged by 
subjectively reviewing an arbitrator’s previ- 
ous awards to see that similar decisions were 
reached in similar cases. 

A third dimension along which arbitrators 
differ is their training. Most labor arbitrators 
are lawyers, undoubtedly because legal train- 
ing is well-suited to analyzing and judging 
the vast majority of labor disputes, that is, 
disputes over the terms of existing contracts, 
also known as grievances. However, the New 
Jersey system involves disputes over the terms 
of new contracts, that is, disputes of interest, 
with the most common and important issue 
in dispute being wages. Thus, one might 
expect that training in other areas, and espe- 
cially in economics, might be particularly 
desirable to the parties. 

Arbitration experience is another im- 
portant characteristic of prospective arbitra- 
tors. Practitioners generally regard this char- 
acteristic as a measure of an individual’s 
expertise as an arbitrator and usually insist 
upon an experienced arbitrator in cases in- 
volving complex or otherwise difficult issues. 
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At a more theoretical level, it seems likely 
that experience is desirable because it re- 
duces the uncertainty that risk-averse dis- 
putants have over the outcome of arbitration 
and thereby reduces its (indirect) cost.? In- 
deed, the acquisition of experience is gener- 
ally regarded to be the most significant hur- 
dle faced by aspiring labor arbitrators in the 
United States.!° 


TI. A Model of Arbitrator Selection 
In this section we outline a simple model 


of arbitrator selection. We start by consider- 
ing a situation in which an employer (E) 


and a union (U) are unable to reach agree- | 


ment on a vector of contract items, although 
they do agree (or are compelled by law) to 


have their dispute resolved by arbitration. A ` 


list of seven potential arbitrators along with 
information on their qualifications is cir- 
culated among the two parties by an impar- 
tial organization. Each party is instructed to 
veto three names and rank the remaining 
four names in order of their preference. The 
individual who is not vetoed by either side 
and who has the lowest combined rank is 
appointed to hear the case; rank ties are 
broken by coin tosses." 

We now assume that each party has a 
preference ordering defined over the entire 
set of possible arbitration outcomes and that 


°This conclusion requires the assumption that each 
party is equally risk averse if negotiated outcomes are a 
possibility. 

10 Recently, however, the high cost, long delays, and 
general shortage of experienced arbitrators have caused 


some individuals to question the importance of experi- . 


ence. For example, a system known as expedited arbi- 
tration was adopted by labor and management in the 
basic steel industry in 1971. Under this system, unre- 
solved employee grievances that do not require prece- 
dent-setting rulings are arbitrated by a rotating panel of 
young, inexperienced arbitrators (mostly lawyers) who 
decide the case for a relatively small fee within two 
weeks of the decision to arbitrate. Although there has 
yet to be an in-depth study of this system, its growing 
utilization in the basic steel industry, in other United 
Steelworker contracts, in some United Mineworker con- 
tracts, and in the U.S. Postal Service provides some 
evidence of its success. 

‘In this section we ignore the possibility that a 
voluntary settlement can occur after the appointment of 
an arbitrator but prior to arbitration. 
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these preference orderings can be repre- 
sented by well-behaved von Neumann-Mor- 
genstern utility functions. We also assume 
that each party has one set of prior beliefs 
about the distribution of arbitration out- 
comes for each of the seven potential arbitra- 
tors. Finally, we assume that these sets of 
prior beliefs depend on the arbitrators’ 
qualifications, some of which are observed. 

In this model, an arbitrator’s characteris- 
tics determine a party’s prior beliefs about 
the arbitrator’s decision. These beliefs, in 
turn, determine the expected utility that a 
party associates with that arbitrator. It fol- 
lows that there exist direct mappings of arbi- 
trator characteristics into an expected utility 
for each party. For each potential arbitrator 
(i), we write these expected utilities as a 
linear function of the arbitrator’s characteris- 
tics. 


(la) Yp:= X,Bet eg; (i=1,2,...,7) 


(1b) Yui = X;By + £y; (i=1,2,...,7) 
where Y; and Y,, are the expected utilities 
the employer and union associate with arbi- 
trator i; X; is a vector of observed character- 
istics of arbitrator i; B, and B, are vectors 
of unknown (reduced-form) parameters char- 
acterizing the preferences of the employer 
and union for different arbitrator character- 
istics; and £g; and e,, represent random 
utility effects. 

Given this framework, the simplest model 
one could adopt for arbitrator selection 
would treat each party as ranking arbitrators 
in order of their expected utilities. In other 
words, each party’s stated ranking is as- 
sumed to coincide with the ordering of its 
true preferences. More complicated models 
which account for each party’s incentives to 
rank arbitrators some other way are possible, 
too. For now, however, we shall work with 
the simple model and defer consideration of 
alternative models to Section III, Part C. 

In order to make this model of arbitrator 
selection empirically tractable, it is necessary 
to treat the unobserved characteristics €p; 
and e„; (i=1,...,7) as random variables. We 
do this by assuming that these random vari- 
ables have independent extreme value distri- 
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butions: 

(2) Pr(e,;<x)=exp(-e"*) (p=E,U) 
(i=1,...,7). 


This distributional assumption is quite com- 
mon in random utility models of this general 
form.'? It is also quite convenient, both ana- 
lytically and computationally, in the present 
application. 

We derive the likelihood function for each 


party’s rank choices by developing an ex-. 


pression for the probability of a particular 
ranking. For example, suppose the union 
ranked a list of seven arbitrators in the fol- 
lowing order: (1,2, 3,4, Veto, Veto, Veto). The 
likelihood of this ranking is simply the prob- 
ability that (Yy > Yy > Yyz > Yua > Yus, 
Yue, Yy7). The general formula for the prob- 
ability of a particular ranking is given by 


K 
(3) TI MNL(A(j)| Remaining choices, £) 
j= 


where A(j) denotes the arbitrator who re- 
ceives the jth rank, K is the number of 
arbitrators that receive a rank (for example, 
four, in the standard case), and MNL is the 
multinomial logit probability that a party 
with preference parameters 8 will most prefer 
arbitrator A( j) given the option of choosing 
from the 8— j least-preferred arbitrators. 
This probability is defined as 


(4) MNL(A(/)| Remaining choices, 8) l 


= exp( Xab) L exp( Xan B) 
ichgi 
where $,_; refers to the remaining choice set 
of 8— j least-preferred arbitrators. 

The probability in equation (3) is simply 
the product of the multinomial logit prob- 
abilities of ranking an arbitrator from among 
those arbitrators that have not already been 
ranked. Notice that this model is extremely 
amenable to dealing with the type of unbal- 
anced data configuration we face. For exam- 


12 See, for example, Daniel McFadden (1982). 
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ple, in cases where more than four arbitra- 
tors are ranked, the likelihood of the ranking 
will simply consist of the product of more 
than four multinomial logit probabilities. 
Thus, this model makes efficient use of all of 
the preference ordering information we have 
available. It should also be noted that this 
likelihood function is globally concave. This 
property guarantees a unique maximum if 
the model is asymptotically identified and 
typically assures numerical stability in com- 
puting maximum likelihood estimates. 


HI. Empirical Results 
A. Descriptive Statistics 


We begin our discussion of empirical re- 
sults by presenting a descriptive summary of 
the data. Table 1 presents the distribution, 
across arbitration panels, of the number of 
arbitrators not vetoed by either side. If 
employer and union preferences tend to be 
in direct conflict, one would expect most 
panels to yield only a single jointly ranked 
arbitrator. Alternatively, if employer and 
union preferences tend to be similar, one 
would expect most panels to yield four jointly 
ranked names. As the first row of Table 1 
makes clear, neither of these extremes ap- 
pears to be true. Over 80 percent of the 
panels yielded two or three jointly acceptable 
arbitrators with an average overlap of nearly 
2.5 arbitrators per panel. Observe also the 
last row of Table 1 that presents the distri- 
bution of the number of jointly ranked names 
under the assumption that the parties’ rank- 
ings of arbitrators are independent of each 
other. A chi-square test comparing the ob- 
served distribution (row A) to the indepen- 
dent-rankings distribution (row D) yields a 
test statistic of 11.2, which is statistically 
significant at the .05 level (3 degrees of free- 
dom). This result suggests that the parties’ 
rankings are not independent. Moreover, the 
biggest contribution to the test statistic comes 
from the proportion of lists with four over- 
lapping names, providing some evidence of 
positive correlation in the parties rankings. 
In addition, it is worth noting that the distri- 
bution of jointly ranked names is not statisti- 
cally significantly different in the subset of 
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TABLE 1 —PERCENT DISTRIBUTION OF NUMBER OF ARBITRATORS 
Nor VETOED By EITHER Party* 


1 
A. All Cases (N = 75) 9.3 
B. Arbitrated Cases (N = 29) 6.9 
C. Negotiated Cases ( N = 46) 10.9 
D. Independent Rankings 11.4 


è These statistics, as well as those in Table 2 and Figure 1, are based on the 75 cases 
in which both sides ranked four arbitrators and vetoed three. : 


29 cases that ended up being arbitrated than 
in the subset of 46 cases that ended up being 
negotiated (i.e., a chi-square test for the 
equality of the true distributions yields a 
test statistic of 1.4, which is not in the 5 
percent tail of a x? distribution with 3 de- 
grees of freedom). 

, Since Table 1 is not informative about the 
closeness of employer and union rankings 
within each panel of arbitrators, we have 
computed a rank correlation coefficient (p) 
for each of the 75 “perfect” cases: 


T 
P= za Rg:Ryi—4, 
28 24 y 


(5) 
where Rẹ; and Ry; are the ranks assigned 
by the employer and the union, respectively, 
to the ith arbitrator on the panel.” In Fig- 

_ure 1 we plot the (observed) frequency distri- 
bution of this statistic. As can be seen from 
the plot, there are some cases in which the 
parties’ rankings are very different (i.e., p < 
—.5), some cases in which they are very 
similar (i.e., p >.5), and many cases in which 
they seem to be uncorrelated. However, on 
balance, the plot seems to produce evidence 
of a slight tendency for the employer and 
union rankings to be positively correlated 
(p =.13).4 


131f all arbitrators on the panel were assigned a rank 
between 1 and 7 by each party, p would always lie in the 
interval [—1.0,1.0]. However, because only four arbitra- 
tors of the seven listed on each panel receive a rank, we 
were forced to assign a rank of 6.0 to the three vetoed 
arbitrators (i.e., the median of 5, 6, and 7). As a result, 
our estimates of p must lie in the interval [—.86, .93). 

l4We have not worked out the distribution of p for 
the incomplete rankings case. Thus, we are unable to 
construct a formal test. 
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FIGURE 1. FREQUENCY DISTRIBUTION OF RANK 
CORRELATION COEFFICIENT COMPUTED FOR 
EMPLOYER AND UNION RANKINGS 


We now take a closer look at the similarity 
of employer and union rankings by con- 
structing a two-way contingency table of 
these rankings and formally testing the hy- 
pothesis that they are independent. This con- 
tingency table, which reports the number of 
times that arbitrators listed on the 75 panels 
received each of twenty-five possible combi- 
nations of employer and union ranks, is pre- 
sented in Table 2. This table also presents (in 
parentheses) theoretical frequencies for each 
cell computed under the hypothesis that the 
rankings are independent.’ The hypothesis 


15For example, the expected number of arbitrators 
vetoed by the union and ranked first by the employer is 
32.1 (=3/7-1/7-525). 
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TABLE 2—-Two-Way DISTRIBUTION OF OBSERVED EMPLOYER AND UNION RANKINGS? 


Employer 
Rank 1 2 
1 21 10 
(10.7) (10.7) 
2 8 16 
. (10.7) (10.7) 
3 7 12 
(10.7) (10.7) 
4. 10 10 
(10.7) (10.7) 
Veto 29 27 
(32.1) (32.1) 
Total 75 75 


* Theoretical frequencies are reported in parentheses. 


of independence is tested using the familiar 
x? statistic which has the value 36.4 for this 
table. Since this statistic has 15 degrees of 
freedom, we reject the hypothesis of indepen- 
dence at all conventional significance levels 
(for example, the critical value of a x7, ran- 
dom variable at the 99 percent level is 32.8). 
Before leaving Table 2, it is interesting to 
note that the (1;1) cell makes the biggest 
contribution to the x? statistic. In other 
words, the hypothesis of independence is re- 
jected largely because the unions and the 
employers ranked the same individual first in 
21 of the 75 panels they reviewed. Indeed, 
the observed frequencies are greater than the 
theoretical frequencies for all of the diagonal 
cells in Table 2. This provides some further 
evidence that employer and union prefer- 
ences tend to be at least moderately similar. 
We now describe the characteristics of the 
New Jersey arbitrators. To begin with, 45 
percent of the arbitrators have law degrees 
and 12 percent are Ph.D. economists; the 
remaining 43 percent are labor relations 
practitioners, some of whom have Ph.D.s in 
labor relations or other areas. All of the 
arbitrators, of which there are only four 
women, have mediation or fact-finding expe- 
_ rience in public-sector wage disputes. In ad- 
dition, two-thirds of the arbitrators had ren- 
dered at least one interest arbitration award 
in the New Jersey system during its first two 
years of operation, although only 12 percent 
of the arbitrators had rendered five or more 
awards. On average, the New Jersey arbitra- 
tors have about fifteen years of arbitration 





Union Rank 
3 4 | Veto Total 

11 5 28 75 
(10.7) (10.7) (32.1) 

15 14 22 75 
(10.7) (10.7) (32.1) 

14 7 35 75 
(10.7) (10.7) (32.1) 

10 15 30 75 
(10.7) (10.7) (32.1) 

25 34 110 225 
(32.1) (32.1) (96.4) 

75 5o o. 225 525 


UNION AVERAGES 





“100 200 300 400 500 600 7.00 
EMPLOYER AVERAGES 


FIGURE 2. AVERAGE RANKINGS OF INDIVIDUAL 
ARBITRATORS, BY EMPLOYERS AND UNIONS 


experience, with the range of experience being 
from four to forty years. Nearly two-thirds 
of the arbitrators had been appointed to hear 
two or more grievance arbitration cases in 
the New Jersey public sector in 1979. About 
one-half of the arbitrators are members of 
the National Academy of Arbitrators. 

In Figure 2 we plot the average rankings 
received from the employers and the unions 
by the sixty-five arbitrators who received at 
least two rankings from each party.!6 In 


16 Different arbitrators appeared on different numbers 
of panels because PERC generated the panels randomly 
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computing these averages we were able to 
use ranking information from most of the 
193 panels by assigning vetoed arbitrators a 
rank equal to the median of the unassigned 
ranks. As Figure 2 makes clear, there is 
considerable dispersion across arbitrators in 
the average rankings they received from the 
parties. This provides further evidence that 
the parties prefer some arbitrators to others. 
Moreover, the average rankings in Figure 2 
exhibit a fairly high positive correlation (p = 
51), providing a further indication of simi- 
larity between the parties’ preferences. Of 
course, one weakness of the average-rank 
statistics plotted in Figure 2 is that they do 
not control for the characteristics of the other 
arbitrators who appeared on the same lists. 
However, controlling for those characteris- 
tics is accomplished by our structural model 
of arbitrator selection, to which we now turn. 


B. Estimation Results 


Table 3 presents estimates of the employer 
and union preference parameters of the ran- 
dom utility model in equation (1). Positive 
signed coefficients indicate that a particular 
characteristic tends to increase the expected 
utility of an arbitrator and, therefore, the 
likelihood that the arbitrator receives a 
favorable rank. Negative coefficients indicate 
the opposite. The estimates were obtained by 
maximizing the log of the likelihood function 
implied by equation (3) for a particular 
specification of arbitrator characteristics. The 
maximization was accomplished on a per- 
sonal computer using the modified quadrat- 
ic hill-climbing method (GRADX) proposed 
by Stephen Goldfeld and Richard Quandt 
(1972). All of the rankings data available 
from the 193 arbitration panels were used in 
the estimation (i.e. we used 129 employer 
rankings and 160 union rankings). Since the 
estimates are maximum likelihood, standard 
tests of their significance can be performed 
based on their asymptotic normality. 


and because a number of arbitrators requested that their 
names not be circulated actively throughout the entire 
year. 
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In specifying the vector of arbitrator char- 
acteristics, we paid close attention to the 
institutional literature on arbitrator selection 
reviewed in Section I. Thus, we attempted to 
capture the training dimension of an arbitra- 
tor’s characteristics by including dummy 
variables for lawyers and economists, with 
all other arbitrators comprising the reference 
category. We have no strong priors on the 
effect of these variables, although it does 
seem likely that economists would be viewed 
as best able to resolve the wage and benefit 
disputes that are central to most negotiations 
in New Jersey. Our specification also includes 
variables reflecting an arbitrator’s experi- 
ence. Specifically, we include the number of 
grievance arbitration appointments each ar- 
bitrator received in 1979, and the number 
of conventional and final-offer arbitration 
awards each arbitrator rendered in New 
Jersey prior to-1980.!” If experience is truly a 
desirable characteristic, we would expect both 
of these measures, which are derived from 
independent arbitration systems, to be posi- 
tively associated with each parties’ prefer- 
ences for an arbitrator. 

Finally, we attempt to control for an arbi- 
trator’s impartiality in several ways. First, we 
include a variable (FAVU) defined to be the 
difference between the number of final-offer 
cases decided in favor of unions and the 
number decided in favor of employers in the 
years 1978 and 1979. This variable is non- 
zero for about 55 percent of the arbitrators 
and takes on values between —4 and 4. If 
this variable adequately measures the ten- 
dency of an arbitrator to be more sym- 
pathetic to one side than the other, and if the 


'Final-offer arbitration is utilized to resolve about 
three-fourths of the bargaining disputes arising under 
the New Jersey statute. Under final-offer arbitration, the 
arbitrator is constrained to render an award which con- 
sists of one or the other of the bargainers’ final posi- 
tions. Most of the remainder of the New Jersey cases are 
resolved by conventional arbitration in which the arbi- 
trator renders a decision which consists of his or her 
best judgment of a fair settlement and which may be a 
compromise between the parties’ final offers. For a more 
detailed description of the New Jersey statute, see Bloom 
(1980). For an analysis of arbitrator decision making 
under the different forms of arbitration in New Jersey, 
see Ashenfelter and Bloom (1983, 1984). 
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TABLE 3— MAXIMUM LIKELIHOOD ESTIMATES OF EMPLOYER AND UNION PREFERENCE FUNCTIONS, 
COMPLETE RANKINGS (CR) MODEL’ 




















Sample 
oe Employer Preferences Union Preferences 

Variable Definition Arbitrators (1) (2) (3) (4) (1) (2) (3) (4) 
LAWYER Arbitrator has a law AS 204 ATT 174 01 158 109 194 219 

degree (114) (121) (113) (112) (100) (105) (.099) (.098) 
ECONOMIST Arbitrator is a Ph.D. 12 AT8 437 433 410 —.782 —.865 ~.746 —.744 

economist (.205) (214) (207) (208) (.219) (225) (.220) (.223) 
GRAPTS79 Number of grievance 

arbitration appoint- 

ments in NJ 

public sector 3.99 076 076 076 070 078 078 080 074 

in 1979 (4.66) (013) (013) (013) (015) (012) (012) (.012) (.014) 
NFOA Number of final-offer 

arbitration ( FOA) 

awards rendered 1.73 .076 060 .058 005 —.025 026 

in NJ in 1978-79 (2.56) (.022) (.032) (.020) (.019) (028) (.018) 
NTOT Total number of 

conventional and 

final-offer awards 

rendered in NJ 2.23 046 035 

in 1978-79 (3.12) (.021) (.018) 
FAVU Number of 

FOA awards 

decided in 

favor of 

unions minus 

number of FOA 

awards decided 

in favor of .22 —.077 —.085 .097 079 

employers, 1978-79 (1.39) (.032) (034) (.030) (.032) 
FAVUHAT Predicted value 

of FAVU 48 076 163 

(See text) (.76) (116) (105) 
FAVDIFF FAVU minus —.27 — .085 082 

FAVUHAT (1.17) (.034) (.032) 
AVEDEV Arbitrator’s average 

percent wage in- 

crease, expressed 

as deviation 

from grand 

average of —.05 — .046 .108 

wage increases (.88) (.054) (.049) 
Log likelihood — 769.1 — 768.9 ~— 768.9 —772.8 —931.0 —929.7 —932.8 —933.6 

(B = 0) (— 827.4) (1018.0) 








* Estimated standard errors are reported in parentheses. 


parties prefer arbitrators they perceive to be 
relatively sympathetic to their position, this 
variable should be associated with more fa- 
vorable rankings from the union and less 
favorable rankings from the employer. Sec- 
ond, we construct a variable (FAVUHAT) 


which measures the expected difference be- 
tween the number of final-offer cases decided 
in favor of unions and employers. This mea- 
sure is constructed using estimates of the 
unconstrained arbitrator decision-making 
functions reported in Orley Ashenfelter and 
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Bloom (1984, Table 2, col. 1 for 1978 and 
1979) along with information on the final 
offers in the 1978 and 1979 cases. The inclu- 
sion of this variable in the empirical model 
refines the first measure of impartiality by 
controlling for an important subset of facts 
in the final-offer cases. Thus, under the as- 
sumption that the parties evaluate the record 
of each arbitrator’s final-offer decisions in 
light of the quality of the final offers they 
were forced to choose between, our expecta- 
tion is that the coefficient of FAVUHAT will 
be opposite in sign but have the same 
absolute magnitude as the coefficient of 
FAVU. Third, as a simple alternative mea- 
sure of arbitrator bias, we include a variable 
(AVEDEV) defined as the average wage in- 
crease awarded by each arbitrator in their 
1978 and 1979 cases. This variable, which 
incorporates information from both conven- 
tional and final-offer cases, is expressed as a 
deviation from the average of all awards 
rendered in 1978-79; it has the value zero 
for arbitrators who made no awards. If case 
facts are similar across bargaining disputes, 
this variable will provide a reasonable mea- 
sure of each arbitrator’s tendency to favor 
the union or the employer. 

The estimates in Table 3 reveal a number 
of interesting features about employer and 
union preferences for arbitrators. First, both 
the employers and the unions tend to prefer 
individuals with law degrees to labor rela- 
tions practitioners. However, employers pre- 
fer economists to both of these groups, 
whereas unions prefer both of these groups 
to economists. Perhaps this somewhat sur- 
prising result is explained by the fact that 
economists are likely to be heavily influenced 
by efficiency considerations, whereas lawyers 
are more likely to place greater emphasis on 
equity. 

Second, the three measures of an arbitra- 
tor’s experience (GRAPTS79, NFOA, and 
NTOT) typically have positive coefficients in 
both the employer and union equations. This 
indicates that employers and unions both 
prefer more experienced arbitrators to less 
experienced arbitrators, controlling for var- 
iables reflecting their training and impartial- 
ity. It is, however, possible to interpret the 
experience variables as controlling for arbi- 
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trator-specific characteristics which are not 
in the model (akin to fixed effects) since, to 
some extent, they reflect arbitrator’s past 
popularity. Since it is not possible for us to 
distinguish empirically between these alter- 
native interpretations of the experience vari- 
able, we conclude simply that our results are 
not inconsistent with the hypothesis that 
experience is a desirable characteristic, as 
emphasized in the institutional literature on 
arbitrator selection. 

Third, our measures of arbitrator bias, that 
is, their past tendency to favor unions, have 
negative coefficients in the employer equa- 
tion and positive coefficients in the union 
equation, whether or not we control for the 
case facts. This indicates that employers tend 
to give poorer rankings to arbitrators who 
seem to have favored unions in the past, 
whereas unions tend to prefer such arbitra- 
tors. This finding is consistent with our 
expectation that the parties do not like arbi- 
trators whom they perceive to be biased 
against them. Note also that the coefficients 
of. FAVUHAT are not significant at the 5 
percent level in either the employer or the 
union equations, and that their inclusion in 
the equations does not substantially change 
the magnitudes of the coefficients of FAVU. 
In addition, in the employer equation the 
coefficient of FAVUHAT is opposite in sign 
and of roughly the same magnitude as the 
coefficient of FAVU. However, in the union 
equation the two coefficients have the same 
sign and, counter to our expectation, we 
reject the hypothesis that they sum to zero at 
the 5 percent level. Nonetheless, if we con- 
strain the coefficients of FAVU and FAVU- 
HAT to be equal and opposite in sign (ie., 
by entering FAVDIFF), the measure of bias 
has the theoretically expected effect and is 
close in magnitude to the bias coefficient in 
the other models. 

The last point worth noting about the 
results in Table 3 relates to the magnitudes 
of the coefficients. These are difficult to inter- 
pret since their scale is determined by our 
assumption that the e,, and «,, are drawn 
independently from extreme value distribu- 
tions as defined in equation (2). However, 
one may gauge the magnitude of the coeffi- 
cients by measuring their values in relation 


me 
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to the standard deviation of the e’s. The 
latter are fixed by our distributional assump- 
tion and equal /v6 ( = 1.28). Viewed in this 
way, we see that all of thé coefficient esti- 
mates are relatively small in magnitude. For 
example, a one-standard-deviation change in 


the number of grievance arbitration appoint- . 


ments only represents a change of about 
one-fourth of a standard deviation of e. Thus, 
while our estimates of the effect of arbitrator’s 
characteristics on the parties’ rankings are 
reasonably precise, they are also quite small.!® 
Given the similarity of results from alterna- 
tive specifications (reported in our 1985 
paper) that allow for nonlinearities and that 
include alternative measures of experience, 
we suspect that the large amount of noise we 
are observing indicates that the parties are 
relatively indifferent to many of the arbitra- 
tors in the New Jersey system. 


C. Testing for Strategic Behavior 


As noted earlier, a critical assumption of 
our analysis is that the observed rankings 
data reveal the true preferences of the par- 
ties. This would be true if each party per- 
ceived that it had no incentive to misstate its 
true preferences. However, it is not difficult 
to imagine a scenario in which the parties do 
have incentives to rank arbitrators strategi- 
cally. For example, suppose the union’s true 
preference ranking of a list of seven arbi- 
‘trators is [1], 2, 3,4, Veto, Veto, Veto] and 
the employer’s true preference ranking is 
{1, 4, 3, 2, Veto, Veto, Veto]. Although not 
identical, these preference orderings do have 
important similarities: they both rank the 
first arbitrator as most preferred and they 
both veto the fifth, sixth, and seventh arbi- 
trators. However, if either party has some 
information about the other party’s prefer- 
ences, it is quite likely that it will have an 
incentive to misstate its true preferences. For 
example, if each party expects the other to 
veto the last three arbitrators on the list, but 


18 Nevertheless, the arbitrator characteristics included 
in the model do have significant explanatory power 
when considered jointly, as judged by the difference 
between the maximized log likelihood and the log likeli- 
hood evaluated at 8 = 0. 
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has no idea how the other party will rank the 
first four arbitrators, they will both try to 
ensure the appointment of the first arbitra- 
tor by presenting identical rankings of 
[1, Veto, Veto, Veto] for the first four arbitra- 
tors. Thus, the two parties’ revealed prefer- 


_ ences might appear quite similar even though 


the only correspondence between the true 
and revealed preferences of each party would 
be the assignment of the most favorable rank 
to the first arbitrator. Other examples, in 
which similar. preferences can lead to dissimi- 
lar rankings, are possible, too, This type of 
behavior is particularly distressing since it - 
can lower both parties’ welfare (see our 1986 
paper). Moreover, it suggests that the esti- 
mates presented so far in this section may 
not reflect the parties’ true preferences, 

A natural way to address this issue is to 
model the ranking of arbitrators as a game in 
which each party must choose a strategy, 
that is, a ranking, given its subjective opinion 
about the ranking of the other party. A 
natural definition of equilibrium strategies 
for this game would be the Bayesian -Nash 
equilibrium which has the characteristic that 
neither party can increase its expected utility 
by unilaterally changing its strategy. In. 
principle, one could solve for each party’s 
Nash strategy and derive a likelihood func- 
tion that could be maximized to estimate 
each party’s preference parameters condi- 
tional on this strategic behavior. However, in 
practice, the dimensionality of the problem 
makes this infeasible unless substantial struc- 
ture is placed on the problem, which we 
prefer not to do.!? Instead, we will develop 
an empirical approach to this issue. 

Our test for strategic behavior primarily 
involves the estimation of alternative random 
utility models that use different subsets of 
information available in the arbitrator rank- 
ings data. Under the null hypothesis that the 
data reveal the parties’ true preferences, 
estimates of the parameters of these models 


'9Tn principle, each side has 840 distinct pure ranking 
strategies, of which at least several hundred are 
undominated. Clearly, solving for the Nash equilibrium 
strategies in such a game is computationally infeasible 
(see our 1986 paper for a description of equilibria in 
these and other related games). 
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TABLE 4—MAXIMUM LIKELIHOOD ESTIMATES OF EMPLOYER AND UNION PREFERENCE FUNCTIONS, 
MULTINOMIAL LOGIT MODEL (MNL) AND RANK/VETO MODEL (RV )* 

















Employer Preferences « Union Preferences 
Variable MNL RV MNL RV 
LAWYER 386 146 088 169 
(.226) (119) (.193) (.108) 
ECONOMIST . 669 355 — 574 — 814 
. (391) (.218) (.452) (.229) 
GRAPTS79 .103 .082 066 076 
(.025) (.014) (.022) (.013) 
NFOA 090 044 012 .016 
(.037) (024) (.034) (021) 
FAVU — 098 — .073 166 072 
(057) (.034) (.058) (.033) 
Log likelihood — 220.6 — 405.6 — 283.4 ~472.2 
x7 [BOR = BMNE, BOR = BRY] 4.07 36.35 3.01 3.57 





Estimated standard errors are reported in parentheses. 


should not be significantly different. We con- 
sider two alternative models. First, we con- 
sider a model in which each party assigns a 
rank of one to the arbitrator it truly prefers 
the most, but may rank the remaining six 
arbitrators strategically, that is, not in the 
true order of their expected utilities. The 
likelihood function for this model is derived 
from expressions for the probability that 
(Yam > Yaa) Yioy Yaw Yacvetoly> Ya(vero2)> 
Y4cvetox)- This is simply a multinomial logit 
model (MNL). Second, we consider a model 
in which each party’s ranking correctly dis- 
tinguishes between the four most-preferred 
arbitrators and the three least-preferred arbi- 
trators, although the ranking of the top four 
choices may be done strategically. The like- 
lihood function for this model is derived 
from expressions for the probability that 
(Yaay> Yaa Yaa Yaw > Yacvetor» Yacvero2)» 
Y4(vero3y)- This model shall be referred to as 
the rank /veto model (RV ).” 


201t should be stressed that neither the MNL nor the 
RV model is presumed to be the correct structural 
model under strategic behavior. Both are, however, rea- 
sonable approximations to structural models that stra- 
tegic behavior is likely to imply. For example, even 
when behaving strategically, bargainers are likely to give 
the top rank to one of their most preferred arbitrators. 
In this case, the MNL model would be a reasonable 
approximation to the underlying structural model. Al- 
ternatively, strategic behavior is unlikely to imply veto- 


In Table 4 we present estimates of the 
MNL model and the RV model for specifica- 
tion (1) in Table 3. If the rankings data do 
not reflect the true preferences of the parties, 
then the three sets of estimates will in gen- 
eral have different probability limits, regard- 
less of the true underlying model. This sug- 
gests that a specification test based on the 
differences between the estimated parameter 
vectors has power against a broad range of 
alternative models in which the rankings do 
not reflect true preferences. This test should 
be especially powerful against strategic be- 
havior that is closely approximated by the 
MNL or the RV models.” In constructing 
this test we follow Jerry Hausman (1978) 
who suggests a statistic of the form 


S= ie aa aa py Br Br) 


where the B are estimated parameter vectors, 
the V are their estimated variance-covariance 
matrices, and the superscripts J and JJ index 
the alternative estimators. Hausman shows 





ing one’s most preferred arbitrators. In this case, the RV- 
model would be a reasonable approximation. 

21 In principle, the test also has power against a broad 
range of other specification errors relating to distribu- 
tional assumption, functional form, and independence 
of the errors. 
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that, under the null hypothesis, S is asymp- 
totically distributed as a chi-square random 
variable with degrees of freedom equal to the 
rank of (V7 — Ô"). 

Test statistics for the hypotheses B°® = 
B™* and BCF = BR” are reported in the last 
row of Table 4. Since the critical value for 
these statistics at the 5 percent level is 11.07, 
none of the equality hypotheses are rejected 
with the single exception of BCR = BR” for 
employers. Indeed, the closeness of the 
parameter estimates in Tables 3 and 4 is a 
remarkable finding that provides strong evi- 
dence that the rankings data mainly reveal 
the parties’ true preferences. Even the two 
estimated parameter vectors that give rise to 
the x? statistic of 36.35 are close in magni- 
tude and substantively no different. The high 
x? value appears to be the result of the two 
sets of estimates having virtually identical 
estimated variances. In other words, the sta- 
tistic reflects a precise measure of a small 
difference; it does not reflect a large dif- 
ference between the estimated B’s. Overall, 
then, the results of this subsection provide 
no support for the hypothesis of strategic 
behavior by either party. 


IV. Conclusions 


This paper opens up the empirical analysis 
of a new area in the literature on bargaining 
under arbitration: the selection of arbitra- 
tors. Our major substantive findings are that 
1) employers and unions distinctly prefer 
some arbitrators to others, 2) employer and 
union preferences tend to be moderately sim- 
ilar to each other, 3) employers tend to pre- 
fer arbitrators with training in economics 
whereas unions prefer arbitrators with legal 
training and dislike economists, 4) both par- 
ties prefer arbitrators with greater experi- 
ence, 5) there is evidence that the parties’ 
preferences are affected by arbitrators’ win- 
loss tallies under final-offer arbitration, and 
6) there is no evidence that the parties rank 
arbitrators strategically. 

Overall, the results suggest that New 
Jersey’s prescreening procedure for establish- 
ing its master list of arbitrators works well. 
Even after controlling for the arbitrators’ 
characteristics, there is much noise in the 
parties’ preference orderings. Nevertheless, it 


BLOOM AND CAVANAGH: SELECTION OF ARBITRATORS 421] 


still seems advisable to let the parties have 
input into the appointment of an arbitrator, 
since our results indicate that they have 
sensible preferences that they reveal accu- 
rately. Indeed, appointment mechanisms that 
account for the parties’ preferences tend to 
result in higher welfare for both parties than 
mechanisms that appoint arbitrators on a 
rotating basis. 

Of course, it has been argued that arbitra- 
tion should be made costly so that bargainers 
have- an incentive to settle their disputes 
voluntarily (see Carl Stevens, 1966; Henry 
Farber and Harry Katz, 1979; Bloom, 1981). 
In this view, mechanisms that allow dis- 
putants to choose their arbitrator are unde- 
sirable because they reduce the (indirect) 
costs of arbitration. However, this negative 
factor must be weighed against the increased 
legitimacy an arbitrator will have when the 
parties have been involved in his (or her) 
appointment. 

Our empirical results seem to indicate that 
the New Jersey mechanism for selecting arbi- 
trators works mainly as a safety net which 
allows the parties to filter out arbitrators 
who probably should not have survived the 
prescreening. In other words, the extraor- 
dinary closeness of estimates derived from 
the complete rankings and the rank/veto 
model suggests that most of the information 
about the parties’ preferences comes from 
the vetoed arbitrators and not from the rank 
order of the nonvetoed arbitrators. Indeed, it 
may well be true that having seven arbitra- 
tors per panel is optimal given the degree of 
prescreening that takes place and the nature 
of the parties’ preferences. 

Finally, the similarity of union and em- 
ployer preferences for different arbitrators 
suggests that collective bargaining functions 
more cooperatively than most existing mod- 
els indicate. This finding represents poten- 
tially important input into the further de- 
velopment of models of employer-union 
interactions. 
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An Investigation into the Determinants of U.S. Strike Activity 


By Josepu S. TRACY * 


This paper outlines the construction of a new panel data set of U.S. contract 
negotiations and strike activity. This is the first to contain data on both strikes and 
contract expirations. Key findings are that 15 percent of scheduled negotiations 
end as strikes, but strike probabilities are higher in June and lower in December; 
the variability, and not the level, of firm profitability affects strike activity; 
personal characteristics of the union workforce affect strike activity; and strikes 
are more likely when the local labor market is tight, but less likely when the 


industry labor market is tight. 


To gain an understanding of why strikes 
occur and what factors lead to a settlement, 
it is important to examine data pertaining to 
the level at which negotiations take place, 
that is, the individual bargaining unit. De- 
spite this, there has not been to date a study 
of the incidence and duration of strikes in 
the United States on a comprehensive micro 
data set of contract negotiations. This re- 
flects the difficult problems involved in col- 
lecting this type of data. The purpose of this 
paper is to take a step in this direction by 
illustrating how these problems can be over- 
come and to present some results for the 
five-year period from 1973 to 1977. 

One of the principal findings is the way in 
which a firm’s profitability influences the 
bargaining process. The firm’s level of prof- 
itability has no impact on the likelihood of a 
strike. However, profit volatility increases 
both the incidence and duration of strikes. 
Important scale effects were found in the 
data. Large firms have both lower strike 
probabilities and shorter strike durations. 
Personal characteristics of the union work- 
force in the industry were also important 
determinants of strike activity. Strike inci- 
dence is higher the more educated workers 


*Department of Economics, Yale University, New 
Haven, CT 06520. I thank Sherwin Rosen, Edward 
Lazear, and Robert Topel for their extensive comments, 
and also thank Gary Becker, George Neumann, John 
Abowd, and David Card for helpful discussions. Any 
errors are my responsibility. 
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are, the younger they are, and the higher is 
the percentage of white workers. Finally, 
labor market conditions significantly affect 
the course of the negotiations. Strikes are less 
likely when industry labor markets are tight, 
and more likely when local labor markets 
are tight. 

The outline of the paper is as follows. A 
complete description of the construction of 
the negotiation data is presented in Section I. 
Particular attention is given to discussing 
solutions to the problems encountered in 
using the Bureau of Labor Statistics (BLS) 
strike data. The section concludes with a 
discussion of the motivation for and con- 
struction of the variables to be included in 
the analysis. The econometric methods used 
to examine the data are outlined in Section 
II, followed by a presentation of the em- 
pirical results. 


I. Construction of the Data and Variables 


The bulk of the empirical work on U.S. 
strike activity has used aggregate time-series 
data. These studies typically estimate some 
variant of Orley Ashenfelter and George 
Johnson’s model (1969). One of the principal 
difficulties with using aggregate data is con- 
trolling for the underlying number of negoti- . 
ations taking place. Micro data on individual 
contract negotiations solve this problem in a 
natural way. However, a characteristic of 
many of the existing micro studies is that 
their samples include only a small number of 
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firms (see Henry Farber, 1978; Drew Fuden- 
berg, David Levine, and Paul Rudd, 1983; 
and Martin Mauro, 1982). For example, 
Farber’s data followed ten firms while 
Mauro’s followed fourteen. A strong point of 
these data sets is the long time period covered 
by the data. What is needed, though, is a 
panel data set which follows a broad spec- 
trum of firms and unions. ` 

A second difficulty encountered when try- 
ing to analyze U.S. strike activity is the accu- 
racy of the strike information itself. In most 
studies, this information is gathered from 
public sources such as newspaper reports. 
Two potential problems exist. First, it is 
possible that a strike could go unreported. 
This may lead the researcher to miscode a 
negotiation as a nonstrike. Second, informa- 
tion on the actual number of workers in- 
volved, the duration of the strike, etc., may 
be subject to reporting error. This again in- 
troduces measurement error into the analy- 
sis. A concerted attempt has been made in 
this study to minimize both of these prob- 
lems. The techniques used will be outlined 
below. 

The focus of this study will be on strikes 
that occur during renegotiations of contract 
terms. This excludes, for example, organiza- 
tional strikes and sympathy strikes from the 
analysis. The omitted categories comprise 
about 40 percent of all major strikes.’ This 
bargaining process can be initiated in one of 
two ways. The first is a scheduled negotia- 
tion. This can occur either at the expiration 
of the current contract, or at an agreed-upon 
reopening of the contract. The second manner 
is an unscheduled negotiation due to an un- 
anticipated reopening of the contract. This 
latter type of negotiation occurs infrequently 
and usually in response to a dramatic devel- 
opment that requires immediate attention. 

This study deals exclusively with sched- 
uled negotiations. This decision was made 
because of the difficulty in obtaining reliable 
information on unscheduled reopenings. In- 
formation on scheduled negotiations is avail- 
able from the BLS. This information is based 


1These estimates are based on work stoppage data 
provided by George Neumann. 
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on a file of union contracts which the BLS 
maintained. For recent years, they had fairly 
extensive coverage of major contract, that is, 
contracts covering 1,000 or more workers. 
The expiration and reopening dates for all of 
these contracts were published annually in 
the bulletin Wage Calendar. Information on 
smaller bargaining units is available only in 
unpublished form and is not as comprehen- 
sive in coverage. Consequently, only major 
contracts are included in the sample. While 
major contracts account for less than 50 
percent of all contracts, they cover roughly 
90 percent of all union workers. The sample 
was further restricted to manufacturing con- 
tracts. 

For each contract, the BLS lists the year 
and month it expires, the name of the firm(s) 
and the union(s) comprising the bargaining 
pair, the number of workers covered by the 
contract, the 2-digit SIC classification for the 
major product line affected, and the state or 
region involved. In addition, a contract 
identification number is assigned which al- 
lows you to follow that bargaining pair 
through each successive contract negotiation. 
The day of the expiration, the contract length, 
and the 4-digit SIC classification were found 
in unpublished listings provided by the BLS. 
The contract identification numbers made it 
possible to merge this additional information 
in with the published expiration data. - 

The BLS also collected extensive data on 


U.S. strike activity. This information was 


summarized annually in their bulletin Work 
Stoppages. The collection process began with 
an unpublished weekly summary of strikes in 
progress, Industrial Relations Facts (IRF), 
which the BLS gathered from public sources. 
Each company listed as being involved in a 
strike was contacted and a request was made 
for verification of the information given in 
the public source. To increase their response 
rate and to insure the accuracy of the infor- 
mation provided, the BLS pledged confiden- 
tiality over the use of this strike data. As a 
result, the BLS has only released this data 
with the names of the firm and the union 
removed from each record. 

As a consequence of this confidentiality 
issue, the only published data from the BLS 
strike file that identifies the names of the 
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parties to the negotiations are for contracts 
with 10,000 or more workers. This is the 
fundamental roadblock confronting anyone 
attempting to construct a data set at the 
bargaining unit level of observation. Restrict- 
ing the analysis to contracts involving 10,000 
or more workers would significantly reduce 
the sample size and coverage. Including all 
contracts of 1,000 or more workers would 
seem to preclude using the most accurate 
information available. Relying on the IRF 
data would probably be adequate for studies 
of strike incidence among major contract 
negotiations, since it is unlikely that many 
major strikes would go unreported. However, 
not having access to the BLS work stoppage 
data could be a more serious problem for 
studies of strike durations. 

The best solution to this problem seems 
to be to try and circumvent the difficulties 
raised by the confidentiality issue. If the 
names of the firm(s) and the union(s) could 
be recovered and reinserted onto the BLS 
strike data, then the sample could include all 
major contracts and still use the cleaned-up 
BLS strike information. Two sources of in- 
formation are available for this identification 
effort. The primary source is the strike list- 
ings of the JRF. A secondary source was the 
BLS publication Current Wage Developments 
(CWD). The purpose of CWD is to report 
on the major changes in the contract provi- 
sions following a negotiation. However, 
CWD indicates for some contracts that the 
settlement was preceded by a strike of some 
specified duration. Presumably, this informa- 
tion is based again on secondary sources and 
not the actual BLS strike data. 

I received from the BLS a set of the IRF 
covering the period from 1973 to current. 
For each strike listed, I followed the strike 
through each weekly issue from its start up 
to the settlement. This provided a single ob- 
servation for each strike which contained all 
of the information that is also reported on 
the BLS strike tape, with the exception of a 
contract status and major issue variable. The 
strike listing generated from the issues of the 
IRF was merged with a similar listing com- 
plied from issues of the CWD. I then matched 
the strikes from the BLS work stoppage tape 
to the strikes from this combined public list- 
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ing using the overlap in information. Care 
had to be taken since the information in the 
public listing was subject to reporting error. 
Using this procedure, I was able to recover 
the names of the firms involved in over two- 
thirds of the strikes during the period from 
1973 to 1977. 

Having reinserted as many names as possi- 
ble, I then selected a subsample of strikes 
relevant to my analysis. These selections were 
necessary to make the strike sample conform 
with the negotiation sample. Strikes were 
kept if they took place at an expiration or 
reopening of a contract, and if they involved 
1,000 or more workers. Separating out the 
strikes by type is possible since the work 
stoppage data includes a contract status vari- 
able that indicates whether contract terms 
were under negotiation at the time of the 
strike. A strike satisfying the above criteria 
was kept even if no match had been found in 
the public strike listing. The reason for this is 
that, even without the names of the firm and 
the union, it is sometimes possible to match 
a strike with its corresponding expiration 
using common information on detailed SIC 
classification, region, number of workers, and 
dates. 

For the period from 1973 to 1977, the 
total sample contains 2,100 contract negotia- 
tions for which detailed strike information is 
available. The sample consists of 1,130 dis- 
tinct bargaining pairs, 392 firms, and 75 
unions. A total of 120 3-digit industry clas- 
sifications and 45 states are represented in 
the data.” Tables 1 and 2 show the distribu- 
tion of these contracts and strikes by year 
and by month. They illustrate the uneven 
distribution of negotiations across both years 
and months within a year. This underscores 
the point made earlier concerning the impor- 
tance of being able to control for the amount 
of negotiating activity. 


2Several contract negotiations had to be dropped 


_ from the estimation due to missing information on 


variables used in the analysis. The sample used in the 
estimation contains 1,319 contract expirations and re- 
openings involving 358 firms and 61 unions. Currently, 
the sample is being expanded to include all major 
manufacturing and nonmanufacturing negotiations from 
1970 to the present. 
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TABLE 1— DISTRIBUTION OF CONTRACT EXPIRATIONS 
AND STRIKES BY YEAR 


Number of 

Contract Number of Strike 
Year Expirations Strikes Frequency 
1973 214 40 18.69 
1974 327 65 19.88 
1975 187 19 10.16 
1976 248 35 14.11 
1977 343 39 11.37 
Total 1,319 198 15.01 


TABLE 2— DISTRIBUTION OF CONTRACT EXPIRATIONS 
AND STRIKES BY MONTH 








Number of 

Contract Number of Strike 
Month Expirations Strikes Frequency 
January 99 14 14.14 
February 65 11 16.92 
March 102 10 9.80 
April 122 22 18.03 
May 148 20 13.51 
June 150 34 22.67 
July 107 12 11.21 ` 
August 177 25 14.12 
September 129 20 15.50 
October 117 18 15.38 
November 49 10 20.41 
December 54 2 3.70 
Total 1,319 198 15.01 


In the remainder of this section I explain 
why I selected the variables included in the 
analysis. I will also provide details concern- 
ing the construction of these variables. The 
first set of variables takes advantage of the 
fact that we know the firm involved in the 
bargaining. Two sources of firm-specific data 
were used. The CRSP data provides security 
price information and the COMPUSTAT 
data provides accounting information. Both 
data bases use the same firm identification 
number called a CUSIP number. 

The only difficulty encountered in adding 
these CUSIP numbers to the data set was 
handling mergers and takeovers. When these 
occur, firm-level information may no longer 
be available for one or possibly both firms 
involved. However, the BLS will typically 
continue to list the old firm names in the 
expiration data. In these cases, the ap- 
propriate new firm name was obtained from 
a directory of firms and the CUSIP number 
for that firm was added to the data. 


JUNE 1986 


The first aspect the firm attempts to con- 
trol for is its recent profit performance. 
Several micro studies have included mea- 
sures of the firm’s profitability. However, the 
level of profitability may not be the only 
relevant feature. Harold Grubert (1968) 
argued that instability in firm profits might 
lead to increased strike activity for two rea- 
sons. The first is that this volatility might 
make the union leadership less certain about 
the firm’s willingness to make concessions 
during the bargaining. Secondly, Grubert 
argued that to the extent that management 
has better information about the firm’s fu- 
ture profitability, “... it may be necessary 
for the union to threaten a strike or to begin 
one in order to force the company to reveal 
the level of profits it really expects” (p. 23). 
Grubert did not explicitly model how a strike 
might allow the union to infer the firm’s 
private information. However, recent game- 
theoretic models of bargaining have been 
based exactly on such an idea (see Peter 
Cramton, 1982; Fudenberg and Jean Triole, 
1981; Beth Hayes, 1984; Joel Sobel and 
Ichiro Takahashi, 1983; and my 1984 disser- 
tation). 

Grubert measured profit instability as the 
sum of the absolute deviations of annual 
profits from trend over the past five years 
scaled by the firm’s employment. He found 
that this measure of volatility had a positive 
effect both on the profitability and the condi- 
tional duration of a strike with the later 
effect significant at the 0.025 level (p. 40). 
For the level of the firm’s performance, I 
chose to use the rate of return on the firm’s 
stock for the year preceding the contract 
expiration. The volatility measure used is the 
standard deviation of the firm’s daily stock 
return. This is calculated on a year of daily 
trading data ending six months prior to the 
contract expiration. 


3The reason for not including trading data right up 
to the contract expiration is that speculation over the 
upcoming contract negotiations will begin to occur as 
this expiration date approaches. This speculation will 
induce variability into the stock returns that need not 
reflect any uncertainty about the firm’s future demand 
conditions. Instead, this variability may simply reflect 
uncertainty about the division of future profits between 
the union and the stockholders (see John Abowd, 1985). 
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The next two firm-specific variables at- 
tempt to control for the firm’s ability to 
self-insure against the event of a strike. 
C. Lawrence Christenson (1953), in discuss- 
ing the effects of the coal strikes, mentions 
two basic ways for firms to “offset” the 
interruption in the flow of union labor 
services. The first method is to use intertem- 
poral substitution in production; that is, the 
firm builds “buffer” inventories prior to the 
start of the negotiations. The second method 
is for the firm to attempt to continue produc- 
tion at a reduced rate during the course of 
the strike. 

Estimating a firm’s buffer stock of inven- 
tory prior to the expiration of its contract is 
a difficult task. The COMPUSTAT data pro- 
vides inventory data at the firm level. While 
COMPUSTAT asks for inventory by stage- 
of-process, most firms only report total in- 
ventory levels. Consequently, in order to pre- 
vent the sample size from being significantly 
reduced, raw materials, work-in-progress, and 
final goods must be assumed to provide iden- 
tical contributions toward the firm’s in- 
surance efforts. 

The other limitations of the inventory data 
are that only year-end figures are given and 
all product lines are aggregated together. 
Ideally, we would like to observe the firm’s 
inventory position close to the expiration 
date and we would like to focus just on the 
product lines that may be potentially affected 
by a strike. The proxy used for the firm’s 
buffer stock is the percentage change in its 
inventory-to-sales ratio for the year preced- 
ing the contract expiration. The inventory 
figures were scaled by the firm’s sales in 
order to account for normal inventory growth 
due to sales growth. 

The second method available to the firm to 
offset the costs of a strike is to attempt to 
maintain production during the strike. The 
ability of the firm to continue production 
may in part be determined by how capital 
intensive the production technology is in that 
industry. Firms in highly capital-intensive 
industries may be able to train their managers 
to continue operations at a reduced rate. An 
example of this was the nationwide tele- 
phone strike. Due to the high degree of auto- 
mation in the telephone industry, many types 
of services continued throughout the strike. 
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The firm’s capital-labor ratio was calculated 
using the previous year’s net plant and 
equipment and total firm employment. 

The final firm-specific variable included in 
the analysis is a measure of firm size. Signifi- 
cant scale effects have been found in studies 
of wage determination. This indicates that 
the structure of internal labor markets within 
a firm may differ in important ways with the 
size of the firm. These differences may also 
affect the bargaining process. Firm size could 
be measured with either sales, capital stock, 
or employment. Since the latter two were 
used to form the capital-labor ratio, sales 
were chosen as the size measure. 

The next set of variables attempts to con- 
trol for the personal characteristics of the 
union workforce. Ideally, we would like to 
have information on the union workers actu- 
ally in the bargaining unit. Since this infor- 
mation is not available, I constructed mea- 
sures for the union workers in the same 
industry as the bargaining unit. Individuals 
who were working full time and who were 
covered by a union contract were selected 
from May Current Population Survey tapes 
from 1973 to 1977. These individuals were 
pooled and then sorted by 2-digit industry 
classifications. Industry averages for the age, 
education, percent male, and percent white 
were then calculated. 

Two variables were added to the data to 
control for differences in industry structure. 
First, it is possible that the presence or ab- 
sence of monopoly rents in an industry may 
significantly affect the bargaining process. A 
measure of potential monopoly rents that 
has been used extensively in the past (as well 
as debated over) is the concentration ratio. 
Specifically, this ratio is the percent of the 
total sales in a 4-digit industry classification 
that is accounted for by the four largest 
firms. The second variable is the percent of 
the industry employment that is unionized. 
The motivation for this variable is that higher 
unionization rates may place the union in a 
stronger relative bargaining position. Econo- 
metric studies of union wage effects often 
find a positive and significant effect for this 
variable (see H. Gregg Lewis, 1983). Esti- 
mates of unionization rates at a 3-digit in- 
dustry level were taken from the work of 
Richard Freeman and James Medoff (1979). 
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Labor market conditions at the time of the 
negotiations may also be important determi- 
nants of strike activity. Ashenfelter and 
Johnson argue that “... during periods of 
low unemployment there will be decreased 
opposition among the rank and file to a 
militant course of action since there will be 
part-time job opportunities available for 
potential workers” (p. 40). The national un- 
employment rate has been the measure used 
in many previous studies. Almost unani- 
mously, the finding among studies is that 
this unemployment rate has a negative and 
significant effect on the amount of strike 
activity. 

The potential exists in this data set to 
more fully characterize the labor market con- 
ditions. For each negotiation, we know both 
the industry and the region affected. It would 
be interesting, then, to separately control for 
the industry and the regional labor market 
conditions. The only state unemployment 
rates going back to the early 1970’s are 
constructed from state Unemployment In- 
surance claims. While attempts have been 
made to remove any inconsistencies due to 
the differences in state Unemployment In- 
surance laws, I decided not to use this data. 
Instead, both the industry and the local labor 
market conditions will be measured in terms 
of residuals from trend employment. 

The industry trend regressions were esti- 
mated using quarterly 3-digit employment 
data for the period 1970-81. The local re- 
gressions were based on state or regional 
employment for the same time period.* The 
specification estimated was 


3 
(1) ME, = B+ Byt+ L ô; jQ; + U, 


j=1 
U, =0(L)Up-1t €n 


where In E, = log quarterly employment in 
industry or region i at time 4; Q,= dum- 


When a contract involves two or more states from 
different regions, the BLS assigns an interstate code. If 
these individual states could be identified, then the 
residual used is a population weighted average of the 
state residuals. 
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my variable for the jth quarter; ®(L) = dis- 
tributed lag polynomial; and ¢,,= white 
noise. 

The order of ® was chosen so that the € 
process showed no serious indications of de- 
parture from white noise. In most cases, a 
first- or second-order polynomial was suff- 
cient. A poténtial feedback problem exists if 
the actual residuals are used in the analysis. 
The BLS gathers the monthly employment 
figures by counting the number of workers 
on payrolls as of the second week of the 
month. Workers on strike at this time are not 
added into the figures. This introduces a 
negative correlation between the actual level 
of strike activity and the estimated residual. 

The autoregressive structure of the esti- 
mated residuals provides a method for avoid- 
ing this feedback problem. The current resid- 
ual can be decomposed into a predicted and 
an unpredicted component. The predicted 
component is calculated using the ®(L) 
polynomial and past employment residuals. 
Consequently, the predicted component of 
the current residual should be free of any 
significant correlation with the actual extent 
of strike activity in that quarter. 

The employment growth rates from the 
trends regressions will be used to control the 
long-term trends in the industry and locality. 
Several other variables that need no explana- 
tion will also be tested. The next section 
explains the econometric methods used in 
the analysis and presents the empirical re- 
sults. 


II. Empirical Specification and Results 


Two alternative estimation strategies exist 
for testing a variable’s impact on the prob- 
ability and duration of a strike. The first 
approach is to jointly estimate these effects 
using a Tobit model. The alternative is to 
estimate separate models for the probability 
and the conditional duration. The Tobit 
model builds in the assumption that if a 
variable increases the likelihood of a strike it 
also increases the conditional duration. While 
this may be a reasonable restriction, the sec- 
ond estimation strategy allows the data to 
indicate this rather than assuming it be be 
true. For this reason, the second approach 
will be used here. 
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I assume that the probability of a strike 
occurring during the contract negotiations 
between union i and firm j at time f is given 
by the logistic function 


(2) Prj =1/(1+Exp(- X,nB°))- 


The implied marginal effect of a variable on 
the probability of a strike is given by the 
function 


OPr _ Exp(— XB‘) 


3 — = BS Lm. 
ox, e 

The transition from a strike to a settle- 
ment is modeled by a hazard function, 
A(t; X). The choice of the hazard function 
uniquely determines the probability distribu- 
tion function for the conditional strike dura- 
tions. The probability of observing a strike 
of duration ż* days conditional on its oc- 
currence is 


(4) f(t*; X) 


= AC; X)Exp| ~ [A x) a, 


The manner in which time and the exoge- 
nous variables affect the hazard rate must be 
specified. A hazard function exhibits “dura- 
tion dependence” if dA(t; X)/ðt+0. In 
particular, when dA(t; X)/dt>0, positive 
duration dependence exists. In this case, the 
longer a strike continues, the more likely it is 
that the strike will be settled in the next 
interval of time. If no duration dependence 
exists, then the conditional strike durations 
follow an exponential distribution. 

I use a form for the hazard function that 
allows for any monotonic duration effect: 


(5) A(t; X) =Ay(Ay)” A(X), 
so that 


(6) aa(t; X)/at 


= )y(y—1)(At)"-7A(X) 2 0s 21. 


This allows the data to select the type of 
duration effect through the estimated value 
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of gamma. The parameter y is called the 
“baseline” hazard. 

The remaining choice is the form for the 
function A(X). A widely .used functional 
form is the exponential: A(X) = Exp( X8’). 
This choice for h(X) gives the “propor- 
tional” hazard model. Let X, denote the 
value of the exogenous variables at the out- 
set of the negotiations. Assuming that these 
variables are held constant throughout the 
strike, then the probability that a strike start- 
ing at time ¢ continues for ¢* days is 


(7) fas; X,) 


=A(1*; X,)Exp[(—A(t*; X,)t*)/y]. 


The assumption that the exogenous vari- 
ables remain constant throughout a strike, 
though, is unreasonable given that over half 
of the strikes in the sample continue beyond 
the quarter in which the contract expired. 
The longest strike lasted for a total of seven 
quarters. Consequently, the hazard function 
will incorporate variations in the industry 
and the local employment residuals as a strike 
enters a new quarter. 

Partition the vector of exogenous vari- 
ables, X,, into a subvector that remains con- 
stant during a strike, X,,, and a subvector 
that can vary from -quarter to quarter, X}, 
Let t, denote the number of days from the 
outset of the strike to the end of the kth 
quarter if the strike continues beyond that 
quarter; otherwise, t, is the total duration of 
the strike. The probability of a strike starting 
at time ¢, lasting :* days, and involving k 
quarters is 


(8) f(t*; X,) 


= dy(Ar*)” Exp| X,,B¢]Exp| Xp, B¢] 


x Bo- rex, tVExp( X2, 82) 


a $ (917%, 08) 


The implied marginal effect of a variable on 
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the conditional strike duration is 


-B T +1/7) 
9) JE(D|S)/dX,= —— —____—-—- 


Prior to estimation, the data were stan- 
dardized by subtracting out the variable 
means and dividing by their standard devia- 
tions. These means and standard deviations 
are presented in Table 3. Tables 4 and 5 give 
the estimated coefficients from the logistic 
and hazard models as well as the implied 
marginal effects. The hazard marginal effects 
are measured in calendar days. 

Specification (2) differs from specification 
(1) in each table in that it includes fixed 
effects for eight major unions. Several vari- 
ables have been constructed to capture dif- 
ferences among firms involved in the bargain- 
ing. However, no similar variables capture 
heterogeneity among unions. An example of 
such a union-specific variable that has been 
used in previous studies is a measure of 
potential strike benefits. Farber used the 
union’s national strike fund balance per 
member while Grubert used the monthly 
contribution per member to the national 
fund. Farber found no significant effect for 
his proxy, while Grubert reported that his 
proxy had a positive and significant effect of 
the probability of a strike and a negative and 
significant effect on the duration of a strike. 

Given the difficulty in obtaining estimates 
of these strike benefits and the inconclusive 
findings to date, the approach taken here is 
to not attempt to specify the source of the 
union heterogeneity. To the extent that these 


> Table 4 also reports “pseudo” R? statistics for each 
specification. This R? is calculated as follows: 


Rè =(1- (1/1) ) [0-a "), 


where Lp = maximized value of the unrestricted likeli- 
hood function, Lp = maximized value of the likelihood 
function restricted to an intercept term, and N = sample 
size. This measure was proposed by John Cragg and 
Russell Uhler (1970). 


JUNE 1986 


TABLE 3— UNCONDITIONAL SAMPLE MEANS 
AND STANDARD DEVIATIONS 


Standard 

Variable Mean Deviation 
Rate of Return on Stock 7.2583 38.0756 
Volatility of Stock Returns 0.0204 0.0077 
Net Sales 3,598.2704  6,665.6834 
Change in Inventory/Sales — 2.2368 16.1865 
Capital-Labor 23.0301 30.8244 
Average Age 39.6963 1.1031 
Average Education 11.9631 0.4174 
Percent White 87.0558 3.7908 
Percent Male 80.3392 14.1186 
Concentration Ratio 45.9378 21.0837 
Union Coverage Rate 42.6122 12.4427 
Industry Predicted 

Employment Residual 0.0816 5.0055 
Local Predicted 

Employment Residual — 0.6690 4.0798 
Industry Employment 

Growth Rate 0.1284 0.4494 
Local Employment 

Growth Rate 2.1749 1.1450 
Conditional Duration 50.0000 64.9289 


differences remain roughly constant both 
across bargaining pairs and through time, 
then their influence can be captured by a 
simple fixed effect. The choice of which 
unions to include a fixed effect for was dic- 
tated by the need for a sufficient number of 
contract negotiations and strikes involving 
that particular union. Consequently, a fixed 
effect was estimated for a union if at least 
five strikes involved that union. Eight unions 
comprising 51 percent of the negotiation 
sample and 74 percent of the strike sample 
satisfied this selection rule. Table Al gives 
these fixed-effect estimates. (A table showing 
the distribution of each union’s negotiations 
across major industry classifications can be 
obtained from the author.) 

Turn now to the results given in Tables 4 
and 5. Consider first the impact of the firm- 
specific variables. The firm’s performance as 
measured by the rate of return on its stock 
has no effect of the likelihood of a strike. 
Conditional on a strike occurring, a one- 
standard-deviation increase in the firm’s rate 
of return results in slightly over a five-day 
reduction in the expected duration. However, 
this effect is not very precisely measured and 
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TABLE 4— LOGISTIC MODEL 


VOL. 76 NO. 3 
Logistic 
Coefficient 
Variable 
Intercept — 2.02396 
(— 20.96) 
Rate of Return on Stock 0.02819 
(0.34) 
Volatility of Stock Returns 0.24225 
(2.71) 
Net Sales — 0.40221 
(— 3.03) 
Change in Inventory/Sales —~ 0.06434 
(=0.77) 
Capital-Labor 0.23032 
(1.72) 
Average Age — 0.62140 
(-—5.18) 
Average Education 0.37123 
(2.71) 
Percent Male — 0.09032 
(~0.78) 
Percent White 0.36811 
(3.04) 
Concentration Ratio 0.26354 
(2.65) 
Union Coverage Rate 0.20853 
(1.60) 
Industry Predicted 
Employment Residual — 0.20480 
(-2.31) 
Local Predicted 
Employment Residual 0.47323 
(4.57) 
Industry Employment Growth Rate 0.10218 
(1.07) 
Local Employment Growth Rate 0.17486 
(2.02) 
Log Likelihood — 499,737 
Pseudo R? 0.15 
N =1,319 


(1) 


Marginal Logistic Marginal 
Effect Coefficient Effect 
(2) 
— 2.45879 
(—15.92) f 
0.00291 0.00897 0.00088 
(0.34) (0.10) (0.10) 
0.02497 0.20536 0.02010 
(2.70) (2.22) (2.22) 
— 0.04146 — 0.32898 — 0.03220 
(—3.08) (—2.45) (—2.47) 
— 0.00663 — 0.02306 — 0.00226 
(-0.77) (—0.26) (—0.26) 
0.02374 0.19737 0.01932 
(1.72) (1.40) (1.41) 
— 0.06313 — 0.41975 — 0.04108 
(—5.41) (— 3.03) (-3.11) 
0.03827 0.26119 0.02556 
(2.77) (1.72) (1.75) 
— 0.00931 — 0.08125 — 0.00795 
(— 0.78) (—0.58) (—0.58) 
0.03795 0.44929 0.04398 
(3.09) (3.17) (3.27) 
0.02717 0.22710 0.02223 
(2.66) (2.14) (2.14) 
0.02150 0.21608 0.02115 
(1.62) (1.38) (1.40) 
— 0.02111 — 0.22903 — 0.02242 
(~2.32) (— 2.43) (—2.44) 
0.04878 0.51824 0.05072 
(4.65) (4.69) (4.80) 
0.01053 0.14674 0.01436 
(1.07) (1.42) (1.42) 
0.01802 0.20055 0.01963 
(2.02) (2.23) (2.24) 
: ~ 476.316 
0.20 


Note: Specification (1) contains no union fixed effects and specification (2) contains fixed effects for eight unions. 


disappears when the union fixed effects are 
introduced. On the other hand, greater vola- 
tility, of the firm’s stock returns increases 
both the probability and conditional dura- 
tion of a strike. A one-standard-deviation 
increase in the measure of volatility results in 
over a 2} percent increase in the strike prob- 
ability and nearly a seven-day increase in the 
expected duration. Controlling for the union 
fixed effects reduces both marginal effects, 
but the incidence effect remains significant. 


The size of the firm as measured by its 
previous year’s sales has a large and signifi- 
cant effect on both the likelihood and dura- 
tion of a strike. A one-standard-deviation 
increase in sales reduces the probability of a 
strike by 4 percent and the expected duration 
by over two weeks. These effects remain sig- 
nificant even when the union fixed effects are 
included. The measure for the firm’s buffer 
inventory has no effect on either measure of 
strike activity. Finally, there is some indica- 
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TABLE 5— PROPORTIONAL HAZARD MODEL 
Conditional Conditional 
Hazard Marginal Hazard Marginal 
Coefficient - Effect Coefficient Effect 
Variable (1) (2) 
Rate of Return on Stock 0.11020 — 5.17477 0.05862 — 2.54764 
(1.55) (-1.52) (0.78) (~0.78) 
Volatility of Stock Returns — 0.14723 6.91371 — 0.14620 6.35402 
(~1.75) (1.77) (-1.61) (1.65) 
Net Sales 0.31198 — 14.65060 0.36441 — 15.83820 
(2.41) (-2.51) (2.76) (~2.76) 
Change in Inventory /Sales 0.03048 — 1.43129 0.05473 — 2.37867 
(0.37) (—0.37) (0.63) (— 0.62) 
Capital-Labor — 0.21169 9.94070 —0.22475 9.76797 
(-1.63) (1.66) (—1.64) (1.68) 
Average Age 0.03843 1.80470 0.09489 — 412425 
(0.33) (-0.34) (0.66) (—0.67) 
Average Education 0.05622 — 2.63997 0.17423 ~ 7.57257 
(0.43) {—0.43) (1.16) (-1.14) 
Percent Male 0.04595 — 2.15769 0.02800 — 1.21711 
(0.40) (—0.40) (0.20) (—0.20) 
Percent White 0.26586 — 12.48470 0.15704 — 6.82541 
(1.93) (-1.89) (1.04) (~ 1.04) 
Concentration Ratio 0.07479 — 3.51197 0.00045 — 0.01975 
(0.77) {— 0.76) (0.00) (—0.00) 
Union Coverage Rate 0.22786 — 10.70020 0.17704 — 7.69461 
(1.45) (-1.42) (0.92) (-0.92) 
Industry Predicted 
Employment Residual 0.01724 — 0.80967 — 0.01225 0.53267 
(0.19) (-0.19) (-0.14) (0.14) 
Local Predicted . 
Employment Residual 0.27544 — 12.93450 0.30545 — 13.27560 
(2.72) (—2.54) (2.86) (— 2.60) 
Industry Employment Growth Rate 0.12794 — 6.00782 0.15694 — 6.82111 
(1.23) (-1.21) (1.46) (-1.44) 
Local Employment Growth Rate 0.07071 — 3.32044 0.17670 — 7.67962 
(0.84) (— 0.83) (1.96) (— 1.88) 
Lambda 0.01923 0.02039 
(10.78) (6.87) 
Gamma 1.07641 1.13320 
(18.14) (17.88) 
Log Likelihood - — 952.652 — 944.129 
N =198 





Note: Specification (1) contains no union fixed effects and specification (2) contains fixed effects for eight unions. 


tion that highly capital-intensive industries 
have higher strike probabilities and longer 
expected durations. 

The personal characteristics of the union 
workforce seem to be important determi- 
nants of strike activity. Increasing the aver- 
age age of the union workers by 1.1 years is 
associated with a dramatic 6 percent decline 
in the strike probability. While controlling 
for the union fixed effects lowers this esti- 
mate to 4 percent, it is still highly significant. 
In addition, increasing the average education 


level by 0.42 years is associated with nearly a 
4 percent increase in the incidence of strikes. 
While both age and education play im- 
portant parts in the logistic function, neither 
seems to affect the expected conditional 
duration of a strike. The percent of the union 
workforce that is male had no significant 
effect on the amount of strike activity. On 
the other hand, increasing the percent that is 
white leads to more frequent but shorter 
strikes. Including the union fixed effects 
increases the marginal effect of the racial 
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composition variable on the strike probabil- 
ity, but cuts the duration marginal effect and 
its significance level by almost half. 

Industry structure as measured in this 
study does not seem to be a major factor in 
determining strike activity. The degree of 
concentration in the industry does have a 
positive and significant effect on strike prob- 
abilities, yet it has no effect on expected 
durations. Increases in the union coverage 
rate tends to result in more frequent but 
shorter strikes. However, neither of these 
effects is measured with great precision. 

An interesting result comes out of looking 
at both the industry and local labor market 
conditions. Above-average predicted employ- 
ment in the industry significantly reduces the 
likelihood of a strike, while similar condi- 
tions in the locality significantly increase this 
likelihood. The marginal effect for the local 
labor market conditions is also twice the 
magnitude of the industry effect. Both mar- 
ginal effects are increased in size and signifi- 
cance when we control for the union fixed 
effects. While each variable plays an im- 
portant role in determining strike incidence, 
only the local conditions also affect the 
expected duration of a strike. A one-stan- 
dard-deviation increase in the local predicted 
employment residual is associated with a 
thirteen-day reduction in the expected condi- 
tional duration. In addition, higher employ- 
ment growth rates in the locality are also 
associated with higher strike frequencies. 

The estimate for gamma in specification 
(1) does not significantly differ from one. 
This would tend to indicate that no duration 
dependence exists in the data. However, if 
unobserved heterogeneity among the bar- 
gaining pairs is present, then it is easy to 
show that this estimate for gamma will be 
biased downwards. One possible source of 
this heterogeneity could be differences among 
unions. Notice that including the union fixed 
effects does increase the estimate of gamma 
significantly above one. This implies that the 
conditional settlement probability does in- 
crease with the length of the strike.® 


®John Kennan (1986), and Alan Harrison and Mark 
Stewart (1985), estimate strike duration models which 
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Several other variables were also tested 
that are not reported in Tables 4 and 5. The 
sample contains both contract reopenings as 
well as renegotiations. It is possible that the 
likelihood of a strike differs significantly be- 
tween these two types of bargaining situa- 
tions. A dummy variable for a contract re- 
opening was added to the basic specification. 
The logistic coefficient was — 1.03416 with a 
standard error of 0.74682. The point esti- 
mate indicates a lower strike probability for 


` reopeners of around 10 percent, but this 


effect is not measured with much precision. 
In addition, it may be possible that bargain- 
ing is affected by how long it has been since 
the last contract negotiation. The logistic 
coefficient for contract length measured in 
months was 0.02119 with a standard error of 
0.10201. There is no evidence, then, that 
contracts with longer durations are more or 
less difficult to renegotiate. 

Grubert hypothesized that strikes would 
be less likely when either a small fraction or 
a large fraction of the firm’s employment was 
involved. His basic argument is as follows: 
“If the labor share is extremely high or ex- 
tremely low, strikes are unlikely because the 
party with the larger share will be willing to 
make acceptable concessions to the other 
party. That is, there will be a big loser who 
will readily give in to the other side” (p. 16). 
It is possible to do a simple test for this 
inverted U-shaped effect since both the num- 
ber of workers covered by this contract and 
total firm employment are available. The 
finding was that increasing the employment 
share has a negative and diminishing impact 
on the probability of a strike throughout the 
range of shares in the data. While no evi- 
dence for Grubert’s hypothesis was found, 
this measure does not account for factors 
such as possible spillover effects. 

Recall that Table 2 listed the sample strike 
frequencies by month. These ranged from a 
high of 22.67 in June to a low of 3.70 in 





allow for more general duration dependence effects. 
Kennan uses U.S. data and finds that the hazard first 
decreases and then increases. Harrison and Steward use 
Canadian data and find that the hazard slowly increases 
throughout the first 99 days. 
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TABLE 6— TEST FOR SEASONALITY OF STRIKES 


Difference Difference 
in Strike Logistic in Strike 
Month Frequency Coefficient Probability 
January —1.24 0.42371 4.58 
(1.00) (0.97) 
February 1.54 - 0.40068 4.30 
(0.89) (0.84) 
March — 5.88 — 0.20232 -1.71 
(— 0.46) (— 0.46) 
April 2.65 0.28564 2.93 
(0.76) (0.76) 
May — 1.87 0.08912 0.84 
(0.24) (0.24) 
June 7.29 0.61550 7.16 
(1.78) (1.83) 
July -417 — 0.42174 — 3,26 
(—1.00) (—1.00) 
August —1.26 0.37929 4.03 
(1.02) (1.02) 
September 0.12 ~0.11271 ~0.99 
(-0.30) (—0.30) 
October ~ - - 
November 5.03 0.14236 1.38 
(0.31) (0.30) 
December — 11.68 — 1.41208 — 7.50 
(-1.81) (— 2.36) 


December. This variability does not in itself 
indicate that there is seasonality to strike 
probabilities. There may be monthly varia- 
tion in other factors in the model that would 
account for this result. To test for this sea- 
sonality, monthly dummy variables were 
added to the logistic function. October was 
selected to be the omitted month. Table 6 
gives the differences in monthly strike fre- 
quencies from October, the logistic coeffi- 
cient, and the implied differences in monthly 
strike probabilities from October. Only June 
and December have strike probabilities that 
differ significantly from October once other 
factors are controlled for. 

As an aid in seeing how well the variables 
tested in this study explain interindustry 
variation in strike activity, Table 7 gives the 
industry strike frequencies and average strike 
durations. Strike probabilities and expected 
durations were then calculated for each 
negotiation in the sample. The model without 
the union fixed effects was used in these 
calculations. These were then averaged by 
industry and included as well in Table 7. For 
industries with a large number of observa- 


tions, the two sets of figures are in fairly 
close agreement. 


Ii. Summary of the Findings 


Firm-specific factors are key determinants 
of strike activity. It is not the rate of return 
on a firm’s stock, but rather its volatility that 
affects the bargaining process. This suggests 
that the asymmetric information theories of 
strikes should be carefully examined. A con- 
nection may exist between this measured 
variability and the benefit to the union from 
trying to infer from the firm information 
about future demand conditions. Large firms 
were found to have significantly less strike 
activity.. This result should also be examined 
in future work on bargaining models. Fi- 
nally, capital-intensive technologies tend to 
increase the frequency and duration of 
strikes. If higher capital-labor ratios indicate 
a greater ability for the firm to maintain 
production during a strike, then this finding 
is consistent with the view that strikes will be 
used more when their joint costs are smaller 
(see Melvin Reder and George Neumann, 
1980). 

While the personal characteristics of the 
union workforce have not been included in 
previous strike studies, they do have im- 
portant effects on the bargaining process. 
Older and less-educated workers tend to be 
less involved in strike activity. Greater pro- 
portions of nonwhites in the workforce also 
reduces the use of strikes. Clearly, these fac- 
tors should be incorporated into models of 
bargaining. 

Studies of union and nonunion wages have 
found that the union wage differential in- 
creases with the rate of unionization in that 
industry. These wage gains, though, are not 
accompanied by any significant difference in 
the number of strikes. More concentrated 
industries do experience a higher incidence 
of strikes but no difference in expected dura- 
tions. These findings suggest that industry 
structure is not a primary determinant of 
strike activity. 

The contrasting effects of the industry and 
the local labor market conditions may also 
be consistent with the joint cost view of 
strikes. Above-average industry conditions 
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TABLE 7— AVERAGE AND EXPECTED VALUES FOR MEASURES OF STRIKE ACTIVITY BY INDUSTRY 


; Strike 
Industry N Frequency 
Food 94 0.05319 
Tobacco 14 0.07143 
Textile 23 0.00000 
Apparel 13 0.00000 
Lumber 20 0.10000 
Furniture 14 0.07143 
Paper 112 0.07143 
Printing 10 0.10000 
Chemicals 121 0.06612 
Petroleum 47 0.08511 
Rubber 41 0.46341 
Leather : 18 0.11111 
Stone, Clay and Glass 55 0.05454 
Prim. Metal 157 0.08917 
Fab. Metal 50 0.20000 
Mach. except Elec. 152 0.28289 
Elec. Eq. 161 0.19876 
Trans. Eq. 182 0.20330 
Prof. Instr. 25 0.28000 
Misc, 10 0.10000 


may indicate that it is expensive for produc- 
tion to be halted due to a strike. On the 
other hand, above-average local conditions 
may indicate that union workers have good 
opportunities outside the firm during a strike. 
In any event, the findings point out the im- 
portance of controlling separately for each 
type of labor market effect. 

Finally, the significance of some of the 
union fixed effects suggest that it is im- 
portant to attempt to characterize specific 
ways in which unions may differ. The distri- 
bution of union contracts by industry il- 
lustrate that some of the union effects must 
be interpreted with caution. For example, 
both the United Rubber Workers and the 
Oil, Chemical, and Atomic Workers unions 
are both heavily concentrated in a single 
industry and comprise a large fraction of 
contracts in that industry. Consequently, it is 
impossible to say whether this is a union or 
an industry fixed effect. On the other hand, 
the Marine and Shipbuilding Workers, while 
being entirely concentrated in the transpor- 
tation equipment industry, comprise only 6 
percent of the total contracts in that in- 
dustry. The union fixed effect in this case is 
clearly not simply an industry effect in dis- 
guise. 


Expected Average Expected 
Strike Conditional Conditional 
Probability Duration Duration 

0.05952 94.40 ` 60.22 
0.02291 42.00 218.06 
0.02269 - ~ 
0.01180 - - 
0.09654 98.00 86.41 
0.09983 47.00 94.20 
0.14094 29.00 45.84 
0.13640 101.00 57.81 
0.10754 79.38 69.71 
0.03339 47.25 53.24 
0.28316 52.84 61.99 
0.10289 85.00 74.11 
0.08504 37.33 36.58 
0.06812 37.50 39.60 
0.16051 53.20 44.81 
0.27766 39.65 39.00 
0.21541 55.38 48.35 
0.20176 52.62 54.91 
0.20688 28.43 51.22 
0.07585 20.00 97.03 


TABLE Al — UNION FIXED EFFECTS 


Logistic Hazard 
Union Coefficient Coefficient 
Electrical Workers (IBEW) 0.12194 — 0.73828 
(0.27). (-1.75) 
Machinists 0.45918 — 0.49669 
(1.45) (—1.68) 
Marine and Shipbuilding 
Workers 2.67857 — 0.49938 
(3.98) (— 1.05) 
Rubber Workers 1.83145 0.30769 
(4.19) (0.78) 
Steelworkers 0.29866 0.06455 
: (1.04) (0.23) 
Electrical Workers (IEU) 0.91477 0.40752 
(2.08) (0.99) 
Oil, Chemical, and 
Atomic Workers 1.22526 — 0.73493 
(2.52) (- 1.48) 
Auto Workers 1.01437 0.23874 
(3.70) (0.94) 
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Marriage and Divorce: 
Informational Constraints and Private Contracting 


By H. ELIZABETH PETERS* 


Accompanying the striking rise in U.S. 
divorce rates during the last several decades 
have been changes in the laws regulating 


divorce. One of the more pervasive changes _ 


is the move towards “no-fault” divorce. Since 
1970, more than half of the states have 
adopted a rule which basically allows divorce 
at the demand of either spouse.! The remain- 
ing states require either mutual agreement 
(explicitly or in practice) or—in the case 
of a contested divorce—a costly legal battle. 
The constraints imposed by the law and any 
shift in the law could have behavioral and 
distributional consequences. The rules might 
influence an individual’s decisions about 
whether or not to divorce or to marry, and 
how much to invest in the marriage relation- 
ship. The law’s impact on the nature of the 
marriage agreement might also affect the dis- 
tribution of income within marriage and the 
terms of the divorce settlement. 

This paper is an empirical study that 
utilizes a contract-theoretic framework to ex- 


*Assistant Professor, Department of Economics, and 
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acknowledged. I remain solely responsible for the paper’s 
content. 

1 By this date, almost every state has adopted some 
form of no-fault divorce. However, only some of these 
no-fault laws allow for unilateral divorce. The classifica- 
tion scheme that I utilize is discussed later in the paper. 
See Doris Freed and Henry Foster (1979) for more 
details concerning the laws. 
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amine the impact of both legal and informa- 
tional constraints on several aspects of the 
marriage relationship: 1) the probability of 
divorce; 2) compensation at divorce (i.e., the 
terms of the divorce settlement); 3) the prob- 
ability of entering marriage; and 4) incen- 
tives for investment in marriage-specific 
capital. Two models of contracting that dif- 
fer most fundamentally in their assumptions 
about information are contrasted. The first 
assumes that ex post information about the 
value of each spouse’s opportunities at di- 
vorce is symmetric. The model predicts that 
costless bargaining could redistribute the 
gains to marriage in such a way that divorce 
only occurs when the joint benefits exceed 
the joint costs. Thus the law would have no 
effect on the divorce rate. The compensation 
scheme would, however, vary with the law to 
achieve efficiency. This argument is a form of 
the Coase Theorem. A second model asserts 
that the existence of asymmetric information 
might lead to a fixed wage marriage contract. 
This model predicts that the divorce rate 
would be higher in states that allow unilater- 
al divorce. 

The empirical investigation is based on 
data from a special 1979 Current Population 
Survey that contains information on marital 
history and financial settlements at divorce. 
Evidence that divorce is no more likely to 
occur for women living in unilateral divorce 
states, but that divorce settlement payments 
are lower for those women, supports the 
symmetric information hypothesis. 


J. Marriage Contracts 


This section presents two models of marital 
contracting. For each model, empirical im- 
plications are derived that specify the effects 
of different divorce laws (one law allows 
either spouse to initiate divorce unilaterally, 
the other law requires mutual consent before 
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divorce can occur) on the probability of mar- 
riage and divorce and on the structure of the 
compensation scheme in the marriage con- 
tract. The first model assumes that informa- 
tion about the value of opportunities that 
would exist should divorce occur is symmet- 
ric, that is, the husband and wife have the 
same information. This model predicts that 
marriage contracts will be efficient: divorce 
only occurs when the joint value of the mar- 
riage is less than the sum of the values of 
opportunities that face each spouse at di- 
vorce. Thus, the probability of divorce will 
be independent of the divorce law, but the 
compensation scheme will vary with the law 
to induce efficient separation decisions. These 
results are a form of the Coase Theorem. 

There are several reasons why this model 
might fail. One reason refers to the problem 
of imperfect state verification. Each spouse 
may not be able to determine the value of 
opportunities at divorce that face the other 
spouse. Incentives then exist for each spouse 
to misrepresent the value of alternatives that 
he or she faces and engage in costly strategic 
bargaining. The second model illustrates one 
possible solution to this asymmetric informa- 
tion problem: a fixed marriage wage con- 
tract. The contrasting empirical implications 
of this kind of contract are presented later. 

The symmetric information model might 
also fail because of the problem of moral 
hazard. It may be difficult to determine each 
spouse’s inputs to the marriage and to pay 
each the full return on his or her investment. 
Thus there exist incentives to invest in less 
than the optimal amount of marriage-specific 
capital. These incentives can be affected by 
the different constraints imposed by the di- 
vorce law. 

The general structure and notation com- 
mon to these models of marriage contracts is 
outlined below. Marriage is viewed as a 
long-term match between two individuals 
that produces a valuable, though partially 
intangible, output. Examples of this output 
include children, love, security, companion- 
ship, money income from market work, and 
household goods from home production.? 


2See Gary Becker (1974) for the development of this 
idea. 


JUNE 1986 


Decisions about marriage and divorce are 
made as follows. Each individual who con- 
templates marriage has certain implicit ex- 
pectations about the value of the marriage, 
the composition of the output, and the in- 
puts required in the production of that out- 
put. That individual also has some idea about 
the probability of divorce, and the costs and 
consequences associated with the divorce. If 
the expected gains to marriage exceed the 
expected losses due to the possibility of fu- 


‘ture divorce, the marriage occurs. As the 


marriage continues over time, information 
about the value of alternatives, should di- 
vorce occur, becomes available. Examples of 
alternatives include the value of a potential 
new relationship .(i.e., remarriage after di- 
vorce), and the value of market opportunities 
which might be different at divorce for wom- 
en who were homemakers during marriage. 
Given this knowledge, the couple then de- 
cides whether to continue the marriage or to 
divorce. 

To simplify the model, assume there are 
only two periods. At the beginning of the 
first period, the contract is negotiated. If it is 
acceptable to both, the couple marries and 
each spouse invests in the specified amount 
of marriage-specific capital. The information 
that is available at the time the contract is 
negotiated includes the present value to each 
individual of remaining single (S,, for the 
female and S, for the male),’ the joint prob- 
ability distribution of possible divorce alter- 
natives facing each spouse should marriage 
occur but later end in divorce (g(A,,, 4,)), 
and the joint value of marriage in each period 
(M, and M,). At the beginning of the sec- 
ond period, the actual values of each spouse’s 
opportunities outside the marriage are real- 
ized (A,, and A, for the wife and husband, 
respectively), and a decision is made about 
whether to continue the marriage or to di- 
vorce. The expected joint value of the con- 
tract, R, can be expressed as the sum of the 
values of the possible outcomes in the two 
periods where each outcome is weighted by 


3In a more general model with more than two peri- 
ods, the value of being single also includes the value of 
continuing to search for a marriage match. 
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the probability of its occurrence: 
(1) R=M,+ b[ M,(1— P) 


+ E(A,,+ A,|divorce)-p], 


where p is the probability of divorce, E is 
the expectation operator, and b is a discount 
factor. In this framework the stochastic vari- 
ables are A,, Ap and p, where p is a 
function of A, and A,. The variables M, 
and M, are assumed to be fixed and known 
with certainty at the time the couple decides 
to marry. This last assumption implies that 
the inputs or marriage-specific capital invest- 
ments of the husband and wife are fixed. 
Thus, the possibility of moral hazard is 
ignored in this specification. Later, the impli- 
cations of relaxing this assumption are dis- 
cussed. Because the true values of A,, and 
A, are not revealed until period two, deci- 
sions about divorce are independent of M,.* 
In the subsequent analysis of divorce rates 
and compensation, I ignore the first period 
and drop the discount factor and the sub- 
script on M. 

The inequality R>S,+ S, implies that 
there is a net gain to entering marriage, and 
some allocation of that gain is possible which 
would make both parties agree to marry. The 
ex ante division of the total product of the 
contract is determined in the marriage 
market. It will depend on such variables as 
the value to each of remaining single (i.e., the 
reservation wage), and the expected contri- 
bution (i.e., marginal product) and invest- 
ment of each spouse in the marriage. The 
allocation of total compensation between a 
wage during marriage and compensation at 
divorce (possibly zero) depends on the prob- 
ability of divorce, the distribution of alterna- 
tives available to each spouse at divorce, 
attitudes toward risk, and the legal con- 
straints imposed on the contract.’ 


* This result is crucially dependent on the assumption 
of no moral hazard problems. 

5The nature of this contractual relationship is partly 
determined from the body of family law. Husbands have 
certain legal obligations towards their wives and vice 
versa. Lenore Weitzman (1980) examines the marriage 
contract implied by these laws. In this paper I focus on 
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One sr aa? in the results derived be- 
low is that M, A,, and A, are perfectly 
divisible, that is, convertible into monetary 
units. Therefore the distribution to the 
husband and wife of the gains to marriage or 
divorce will fully exhaust those gains. This 
may not be an entirely plausible assumption 
in the analysis of marriage contracts because 
children are a major component of the gains 
to marriage, and they also play an important 
role in any divorce settlement.® One solution 
would be to posit a more general utility 
function that includes as separate arguments 
money and nonmonetary goods such as 
children. Incorporation of these issues in the 
present analysis, however, is beyond the 
scope of this paper. 

In the following, I use this basic contract 
framework, which integrates the various 
aspects of the marriage relationship, to de- 
rive empirically testable implications for the 
two models. 


A. Symmetric Information 


1. Divorce and Compensation. Efficiency re- 
quires that resources be used in their highest 
valued activity. Because a husband and wife 
work together to produce the marriage out- 
put, joint wealth is maximized by a rule 
which compares the sum of each spouse’s 
alternatives at divorce with the joint product 
of the marriage. Thus divorce in period two 
is efficient when 


(2) M<A,,+A,,. 


Figure 1 represents the joint distribution of 
all potential A,, and A,.’ The wife’s oppor- 
tunities at divorce get better the further from 
the origin is the realized value of A,,, whereas 





the particular aspect of the law that specifies which 
party can initiate divorce. 

®Robert Mnookin and Lewis Kornhauser (1979) 
speculate about the possibility of a tradeoff between 
financial settlements at divorce and child custody 
arrangements. 

71 have modified a figure which is presented in 
Masanori Hashimoto and Ben Yu (1980) and Robert 
Hall and Edward Lazear (1984) to fit this analysis of 
marriage. 
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M-Ay,, 


X 


FIGURE 1. DISTRIBUTION OF ALTERNATIVES AT DIVORCE 
RELATIVE TO THE VALUE OF MARRIAGE 


the husband has better divorce opportunities 
the closer M — A, is to the origin. Divorce is 
optimal anywhere to the left of the 45° line 
(areas A, C, and E) where M — A, < A,,. 
Now assume that the outcome of the con- 
tracting process specifies an initial marriage 
wage, X, for the wife and the residual, M — X 
(which is fixed because by assumption M is 
fixed), for the husband. The wife then wants 
to divorce in period two when her realization 
of A,, is greater than X (areas A, C, and D). 
The husband wants to divorce when A, > M 
—X or M—A,<X (areas A, E, and F). 
The two agree to divorce in area A but 
disagree about divorce elsewhere (they both, 
however, want to stay married in area B). If 
the contract can be costlessly renegotiated in 
period two, and if each spouse has the same 
information about A,, and A,, a compensa- 
tion scheme exists such that only joint 
wealth-maximizing separations will occur.® 


The nature of the scheme depends on the . 


rules under which divorce can be obtained. 

If the law requires mutual consent, some 
kind of severance pay or compensation at 
divorce will be necessary to convince the wife 


®See Becker et al. (1977). 
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TABLE 1—INCOME UNDER DIFFERENT LEGAL REGIMES 





Period Two 
Income Mutual Unilateral 
Wife’s 
If Married X A + a( M 
We (A, F A, »)) 
If Divorced A, tC, =X 
+ a(A,.+4,—-M) Ay 
Husband’s 
If Married M-X A, t0- a)(M 
. -(A, +h Ar) 
If Divorced A, +C,=(M— X) f 
+ a(A,,+A,—M) A, 


(area E) or the husband (area C) to agree 
to a divorce. A divorce compensation for- 
mula like the following would induce effi- 
cient divorce: 


(3) C,=(X-A,)+a(A,+4,—-M). 
(4) C,=—-C, = ((M-X)-A,) 
+(1-a)(A,+A4,-M), 


where C,, is what the wife receives (or pays 
out) and C, is what the husband pays out (or 
receives). Then income at divorce is A,,+C, 
for the wife and A,+C, for the husband 
(see Table 1). The first term in the compensa- 
tion formulas is required to make each spouse 
indifferent between divorce and continuing 
the marriage. The second term represents the 
net gain to divorce, and a, the wife’s share of 
that gain, is determined in the ex ante 
negotiations of the contract. Only when the 
second term is greater than zero will both 
husband and wife agree to divorce. Thus, 
efficiency and the requirement of mutual 
consent imposed by the law will jointly be 
satisfied. 

If the law allows unilateral divorce, then 
either spouse can walk out of the marriage 
without compensating the other. In essence, 
both must agree for the marriage to con- 
tinue. A marriage compensation scheme like 
the following would induce the wife (area D) 
or the husband (area F) to remain married. 
The wife receives 


(5) X=A,+a(M—-(A,+4,)) 
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and the husband receives the residual 
(6) M~ X=A,+(1-a)(M-(A, + 4,)). 


Analogous to the above discussion, the first 
term is the payment that makes each spouse 
indifferent between continuing the marriage 
and divorcing. The second term is the net 
gain from the marriage. If that gain is nega- 
tive, then, as efficiency dictates, at least one 
spouse will decide to become divorced. 

Under both laws divorce occurs when A,, 
+ A, > M. Thus the constraints imposed by 
the legal rules about the right to divorce do 
not affect the divorce rate. By contrast, the 
actual wage payments or income streams in 
the married and divorced states do depend 
on the divorce rule.? The compensation (in 
marriage or divorce) fluctuates so as to maxi- 
mize the ex post value of the contract. 

The relationship between the variance in 
divorce compensation payments under differ- 
ent legal regimes is straightforward. In this 
simple model, a mutual divorce law requires 
that C,, is paid before divorce can occur, and 
the variance of C, is 


(7) Var(C,,) = (a-1)’Var(A,|Z) 
+ a?Var(A,|Z)+ a(a—1)Cov(A,, 4,|Z), 


where Z is the condition that A,,+ A, > M. 
In unilateral divorce states, no divorce com- 
pensation payments are required: C,, = 0 and 
Var(C,,) = 0. 

In a more complicated model there may be 
other reasons for divorce compensation pay- 
ments to exist in unilateral as well as in 
mutual states. One reason is compensation 
for observable marriage-specific investments. 


If the law allows unilateral separation but also will 
enforce a compensation scheme where there is a sep- 
aration penalty such as specified in equations (3) and 
(4), then individuals will behave as if mutual agreement 
is required, and the results for unilateral and mutual 
states will not be empirically differentiable. Thus it is 
important to examine the effect of the law on both the 
divorce rate and the compensation at divorce. 
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A second reason relates to the division of 
tangible marital capital that is left after the 
marriage dissolves. As long as divorce com- 
pensation payments due to these other rea- 
sons are uncorrelated both with the uni- 
lateral /mutual divorce law and with A,, and 
A,, then it still is true that the variance in the 
total divorce compensation payments under 
a mutual law is greater than the variance in 
those payments under a unilateral law. 

The relationship between the variance in 
income at divorce ünder different legal re- 
gimes is more complex. Under a mutual di- 
vorce law regime, the first term of C, 
guarantees that the wife will be no worse off 
at divorce than she was in marriage (see 
Table 1). This contract thus provides in- 
surance against the possibility of receiving 
low values of A,, at divorce. The second term 
of C,, allocates the gains to divorce. Under 
a unilateral divorce law regime, income is 
just Ap f 

Because of the insurance component of C, 
in mutual divorce states, it seems intuitive 
that incomes at divorce should be less vari- 
able under mutual law than under unilateral 
law. Because of the variation caused by the 
second term of C,,, however, this intuition 
only holds under certain conditions. The 
variance in income at divorce in mutual law 
states is defined as follows: 


(8) Var(A,,+C,|Z) =a?[Var(A,|Z) 
+Var(A,|Z)+2Cov(A,,, A,|Z)]. 


Assume that the gains to divorce are split 
equally (i.e, a=1/2) and that A,, and A, 
have a bivariate normal distribution with 
p=0. Then Var(A,, + C,|Z) < Var(A,|Z) 


10 Zero correlation between A,, and A, is a conve- 
nient and not unreasonable assumption. The common 
idea in the marriage literature of positive assortative 
mating leads to a correlation between the traits that 
were observable when the couple married. There is no 
compelling reason, however, to assume that the random 
values of A,, and A, would be correlated, because these 
values were not known when the couple married. 
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if Var(A,)<3Var(A,).)! The intuition 
that the variance in divorce income under 
mutual law is less than the variance in di- 
vorce income under unilateral law holds as 
long as the relative variances of A, and A, 
are not too different. 


2. Marriage. As seen in equation (1), the 
likelihood of entering marriage depends on 
the ex ante value of the contract, which, in 
turn, is a function of the probability of di- 
vorce and the value of alternatives at di- 
vorce. In the symmetric information model, 
the probability of divorce and E(A,,+ 
A,|divorce) do not depend on the divorce 
law. Therefore the initial constraints to the 
contract imposed by these different divorce 
laws will not affect the likelihood of entering 
marriage. The possibility of risk aversion, 
however, could induce differences in the pro- 
pensity to marry because the variance in the 
value of the contract is a function of the 
divorce rule. 


B. Asymmetric Information 


This section focuses on contracting prob- 
lems caused by bilateral asymmetric infor- 
mation. If neither spouse knows the value of 
the divorce opportunity facing the other, a 
rule relating compensation to these outside 
opportunities may not be viable. Each spouse 
would have an incentive to misrepresent his 
own opportunities or to participate in excess 


l Given the assumptions in the text, the relationship 
between the conditional and unconditional variance can 
be calculated as follows: 


o”[Var(A,, + A,|Z)] = a? [Var(A,,) + Var( A, )] Qi 


and Var(A,,|Z) = Var(A,,):Q2, where Q, =1—- 
q(ayq(a)— a); QO, =1- p79q(a)(q(a)- a); a= M- 
(Var(A,.+ 4,))7>; g(a) is the inverse Mills ratio 
evaluated at a; and py is the correlation between 4, 
and the truncated variable A,,+ A, (see Jagdish Patel 
and Campbell Read, 1982, p. 320). It is obvious that 
O, < Q,. Therefore the sufficient condition in the text 
will be a lower bound on the variance of A, relative 
to Ap 

12 Given the same assumptions, a similar condition 
holds for the variance in husband’s income at divorce: 
Var( A, + Cpl Z) < Var(A,|Z) if Var(A,,) < 3Var(A,). 
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search for alternatives to the current mar- 
riage in order to gain a larger share of the 
marital wealth.!? Behavior to support these 
claims can be costly and unproductive. 

Because these incentives can be antic- 
ipated at the time the contract is made, an 
alternative to the ex post compensation 
scheme may be devised. One solution is a 
fixed wage contract which prohibits ex post 
bargaining.!*15 The cost of this solution is 
the possibility of inefficient separations.!® 


1. Divorce and Compensation. Implications 
from this model for the divorce rate can be 
obtained from Figure 1. If the wife’s mar- 
riage wage is fixed at X and bargaining is 
successfully prevented, a mutual divorce law 
will allow divorce only in area A where both 
agree. Since divorce is efficient in areas A + 
C + E, the mutual rule allows fewer divorces 
than is optimal. A unilateral rule leads to 
divorce in areas A+C+E+F+D where 
either spouse wants to divorce. This rule 
produces more divorces than is optimal. Thus 
the fixed wage model would predict a higher 
divorce rate in unilateral states than in mu- 


‘3 Dale Mortensen (1978) discusses a related problem 
of excess job search in response to an offer matching 
scheme when search effort cannot be verified. 

14 Becker (1964) discusses the implications of a fixed 
wage contract for the incidence of quits and layoffs 
when the worker-firm match involves specific capital. 
More recently, Hashimoto and Yu and Hall and Lazear 
explore various motivations for fixed wage contracts. 

‘San important consideration in determining the 
feasability of fixed wage contracts is whether the no 
ex post bargaining stipulation can be enforced. As long 
as there is a positive benefit to strategic ex post bargain- 
ing, an incentive for that behavior exists. The mul- 
tiperiod aspect of the marriage relationship may, how- 
ever, reduce incentives for strategic bargaining. The 
mistrust and ill-feelings engendered by strategic bargain- 
ing can be detrimental to a relationship based on trust 
and intimacy. The greater the reduction in the value of 
marriage in future periods, the less bargaining that will 
occur. 

‘©The fixed wage contract is not the only solution 
that addresses the problems caused by asymmetric in- 
formation. More complicated game theoretic schemes 
have been proposed which can lead to optimal sep- 
arations (see Michael Riordan, 1984). These schemes do 
not appear to be reflected in real world marriage con- 
tracts, however. Therefore these first-best. contracts will 
be ignored in the subsequent analysis. 
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tual states. Because the amount of efficient 
divorce is independent of X (i.e., it occurs 
when M <A, + A,), this result will hold for 
any value of X.” 

The determination of X is based on 
ex ante information,’® and is calculated to 
minimize the potential inefficiencies—areas 
C and E where divorce should occur but 
does not under the mutual rule, or areas D 
and F where marriage should continue but 
does not under the unilateral rule. In this 
model the marriage wage plays the same role 
as the optimal sharing of investment costs in 
Gary Becker’s (1964) model of specific hu- 
man capital investment. The sharing rule (i.e., 
the compensation scheme) depends in part 
on the distribution of each party’s alterna- 
tives to the match (for example, the relative 
variances and covariances) and on the sep- 
aration rule imposed by the law (see 
Masanori Hashimoto and Ben Yu; Robert 
Hail and Edward Lazear). 


2. Marriage. Joint incentives to marry de- 
pend on the expected value of the contract. 
The existence of ex ante rents to marriage is 
important because the divorce rate differs 
under the two laws. If E(M) > E(A,,+ A,), 
the expected value of the marriage contract 
will be higher under the law that minimizes 
the number of inefficient divorces. Thus, more 
couples may be expected to marry in a mu- 
tual law state. 


C. Moral Hazard 


The previous analysis dealt primarily with 
the issue of the availability of information 
about alternatives. When the effort or other 


17 The value of X will influence the magnitude of the 
difference in divorce rates between the two legal regimes 
because it influences the relative amount of efficient vs. 
inefficient decisions. But the direction of the difference 
is independent of X. 

'8Tt is possible to have partially contingent payments 
that are based on jointly observable ex post information 
such as age and education of each spouse, number of 
children, etc.. Thus the contract could vary among ob- 
servationally distinct couples. In this case, A,, and A, 
might be viewed as the residual divorce alternatives 
obtained after controlling for observable characteristics. 
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inputs of each party can affect the value of 
the relationship, however, information about 
the inputs is also necessary to avoid the 
problems associated with moral hazard. In 
the labor market literature, it has sometimes 
been assumed that it is easier to verify the 
value of alternatives (for example, an alter- 
native wage offer) than to observe the amount 
of effort on the job. This same kind of prob- 
lem can exist in marital relationships as 
well.!° 

A woman who invests in marriage by 
working in the household may face a lower 
market wage in the future. Because she only 
receives a fraction of the value of her invest- 
ment in marriage, but bears the full cost of 
the lower wages at divorce, she has an incen- 
tive to self-insure against these potentially 
negative consequences by working more in 
the labor market during marriage. Marital 
fertility is another kind of behavior that can 
alter both the value of marriage and the 
value of alternatives at divorce. Divorced 
women with children have a higher cost of 
entering the labor market and also are less 
likely to remarry. Women who foresee the 
possibility of divorce might decide to have 
fewer children than they would otherwise. 

To the extent that this behavior can be 
anticipated or observed, the structure of the 
initial contract will be altered to provide 
incentives which mitigate the problem. Con- 
straints imposed by the law that limit the 
contracting responses reduce the value of the 
relationship and increase the likelihood of 
this kind of strategic behavior. 

Divorce settlement payments are one way 
to compensate the wife for her previous - 
marital investments. However, when the law 
allows either spouse to dissolve the marriage 
unilaterally, it may be more difficult to en- 
force this kind of payment. The unilateral 
divorce rule might therefore lead to an in- 
crease in the divorce rate as the value of 
marriage falls relative to the value of alterna- 
tives at divorce. Conversely, if the potential 


19See Elisabeth Landes (1978) and William Johnson 
and Jonathan Skinner (1986) for more formal treat- 
ments of moral hazard problems in marital relation- 
ships. 
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TABLE 2— VARIABLE DEFINITIONS 








=1 if the woman became 
divorced during 1975-78. 

=1 if a divorced woman was 
remarried by April 1979. 


Ever Divorced 
Remarried 


Time Since Divorce: 


<1 year =1 if divorce occurred less 
than 1 year before April 1979. 

< 2 years =] if divorce occurred 1 to 2 
years before April 1979. 

<3 years =] if divorce occurred 2 to 3 
years before April 1979. 

< 4 years =] if divorce occurred 3 to 4 
years before April 1979. 

Age = age of woman in 1979. 


Age at Divorce = age at divorce for women 
who became divorced. 

= number of years of education 
completed as of 1979. 

= 1 if woman is white. 

= number of children younger 
than 18 in the household in 1979; 
for ever-divorced women this 
number only includes children 
from the former marriage. 

= Kids under 18 x Kids under 18. 

= number of children younger 
than 6 in the household in 1979; 
the number is not calculated 
for remarried women because 
it is difficult to separate children 
from the former marriage. 

= number of children ages 6 to 18 
in the household; the same 
restriction applies 
as for kids under 6. 


Education 


White 
Kids under 18 


Kids Squared 
Kids under 6 


Kids 6-18 








SMSA =1 if the woman lived in a 
standard metropolitan statistical 
area in 1979, 

In Labor Force 1978 =1 if the woman had positive 

earnings in 1978. 


Husband’s Earnings = husband’s earnings in 1978 


in 1000's of dollars. 
Earnings = woman’s earnings in 1978 
in 1000’s of dollars. 
Family Income = total family income in 1978 
in 1000's of dollars. 


=] if the woman lived in a 
unilateral state at the time 
of divorce (or remarriage). 
State Divorce Rate = number of divorces per 100 
1970 women at risk of divorce in 1970 
in the state in which the woman 
lives. 
State Catholic 1970 = percent Catholic in 1970 in the 
state in which the woman lives. 
= amount of alimony received 
in 1978. 


Unilateral 


Alimony Received 


Child Support = amount of child support 
Received received in 1978. i 
Support = Alimony Received + Child 


Support Received 

= value of the property settlement 

received. 

Proportion Eligible = proportion of 1978 a woman 
was eligible to receive payments; 
if divorced or remarried during 
1978, Proportion Eligible is the 
time after the divorce or before 
remarriage; otherwise 
Proportion Eligible =1. 


Settlement Value 





for moral hazard can be anticipated, only 
those marriages with expected returns that 
are high enough to offset these costs will 
occur. The impact of the unilateral rule would 
then be seen as a fall in the rate of marriage 
rather than as an increase in the rate of 
divorce. 


D. Summary of Theoretical Results 


The most clearly distinguishing implica- 
tion of the two contract models concerns the 
divorce rate. If information about alterna- 
tives for each spouse at divorce is symmetric, 
a contingent compensation scheme can be 
devised such that divorce only occurs when it 
is ex post efficient. Thus the divorce rate will 
be the same regardless of the constraints 


imposed by law. The compensation scheme, 
however, would vary with the law to enable 
this efficient outcome. If a problem of asym- 
metric information leads to the development 
of fixed wage contracts, the divorce rate 
would be higher when unilateral dissolution 
is allowed. 

The impact of the law on other aspects of 
the marital relationship—for example, the 
propensity to marry and the compensation at 
divorce—is less easy to predict. Assumptions 
about the distribution of divorce opportuni- 
ties for the husband and wife, and the shar- 
ing ratio, a, of the rents from marriage and 
divorce, as well as the extent of asymmetric 
information about the ex post divorce al- 
ternatives are crucial. The issue of whether 
either spouse can influence the value of the 
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TABLE.3— MEANS FROM 1979 Current Population Survey DATA 
re 








All. Ever Divorced Remarried 
Variable Unilateral Mutual Unilateral Mutual Unilateral Mutual 
Ever Divorced (percent) 6.2° 5.37 100. 100. 100. 100. 
Remarried (percent) ~ - 31.6 33.2 100. 100. 
Age 43.3° 44.0 35.5 36.1 33.9 34.2 
Education 12.9 12.8° 13.1 12.9 13.0 12.7 
White (percent) 91.77 89.37 90.3 89.3 92.9 94.1 
Kids under 18 1.03 1.04 1.0 0.9 0.8 0.6% 
SMSA (percent) 50.97 58.8" 54.7 57.8 53.6 51.2 
In Labor Force 1978 (percent) 56.6° 54.0° 82.4° 77.5" 75.0° 67.15 
Earnings 3,626. 3,594. 6,407. 5,974. 5,004. 4,427. 
Family Income ` 20,731. 20,815. 14,242. 14,015. 22,670. 21,213. 
Alimony Received‘ - - 200.* 505.* ~ - 
Child Support Received ~ - 1,070.* 1,472.2 - - 
Settlement Value! - - 6,752. 6,605. - - 
Sample Size 11,500 9,714 709 - 512 224 170 


Note: Those excluded from the analysis are women who had moved from another state since 1975 and either were 
married or became divorced in 1975-78. A second group of women who were excluded from the analysis includes 
never married women, widows, and those women who became divorced before 1975. 

a Mutual and unilateral means are not equal at the 5 percent significance level. 

Þ Mutual and unilateral means are not equal at the 10 percent significance level. 

“Only 7.2 percent of the sample of ever-divorced women received any alimony in 1978. For those with positive 
amounts, the mean alimony payment was $3456, In 1978, 62.6 percent of eligible women received child support and 
58.1 percent received a property settlement at the time of divorce. The mean values for those with positive amounts 
were $2145 and $11,522 for child support and property settlements, respectively. 


woman became divorced.” For estimates of 
the divorce rate, this ever-divorced sample is 
combined with the sample of currently mar- 
ried, never-divorced women who lived in the 
same state in 1975 as in 1979. Table 2 gives 
the variable definitions and Table 3 presents 
the means for the variables. 

Information on state divorce laws during 
1975-79 is also available. States are grouped 
according to whether they fit in the following 
categories (Table 4 lists the states in each): 

1) Pure unilateral—either spouse can 
dissolve the match by saying there are “irrec- 
oncilable differences,” or that the marriage is 
“irretrievably broken.” This is commonly 


marriage as a means of gaining an advantage 
at divorce may also be important. 


I. Empirical Analysis 


The data consist of observations from the 
March/April 1979 Current Population Survey 
that includes demographic variables such as 
state of residence, age, current marital status, 
number of children, and economic variables 
such as income, labor force behavior, and 
education. Additional information on marital 
history, type and amount of child and spousal 
support payments, and the value of any 
property settlement is available for those 
women who have ever been divorced. 

To study the division of family resources 
at divorce and the probability of remarriage 


(used to investigate the implications for mar- The possibility exists that a woman may obtain a 


riage in general), I use the sample of 1,221 
women who became divorced between 1975 
and 1978, and who indicated that they had 
lived in the same state in 1975 as in 1979. 
These requirements are so that I can make 
some inference about the state in which a 


divorce in a state other than the one in which she 
resides. The problem of “migratory divorce” is briefly 
examined in Hugh Carter and Paul Glick (1976). Their 
estimates of out-of-state divorces range from one-in-ten 
to one-in-twenty in the period before the easing of 
divorce laws in the early 1970’s. Presumably migratory 
divorce would be much less frequent today. 
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TABLE 4—CLASSIFICATION OF STATES BY 1978 DIVORCE LAW 








Unilateral* 
Arizona Michigan New Hampshire Alaska 
California Montana New Mexico Georgia 
Colorado Nebraska Indiana Oklahoma 
Florida Oregon Connecticut Kansas 
Iowa Washington North Dakota Hawaii 
Kentucky Wyoming Maine Idaho 
Minnesota Nevada Rhode Island Texas 
Alabama Massachusetts 

Mutual? 

Ilinois Ohio West Virginia Missouri 
Pennsylvania Tennessee New Jersey Virginia 
South Dakota Utah Louisiana Arkansas 
North Carolina Mississippi Wisconsin Maryland 
New York South Carolina Vermont Washington, D.C. 
Delaware 


Source: Freed and Foster (1979). 


“Includes states with only irretrievable breakdown and incompatability grounds for 
divorce and states where these grounds have been added to traditional fault grounds. 

>Includes states with only fault grounds for divorce, states that explicitly stipulate 
mutual agreement, and states where divorce is not allowed until the couple has been 


separated for a specified period of time. 


called no-fault. (Included in this group are 
states which allow unilateral no-fault divorce 
but have still retained the traditional fault 
grounds. In practice, however, in these states 
the unilateral rule dominates.) 

2) Mutual divorce with binding arbitra- 
tion should no agreement be reached. What 
usually happens in “fault only” states is that 
if the couple agrees to divorce there is collu- 
sion. One spouse claims the other is guilty of 
one of the traditional grounds (usually 
cruelty) and no defense is made by the other 
spouse. If they cannot agree and one spouse 
sues for divorce, the court decides whether or 
not to grant the divorce. A second type of 
mutual divorce occurs in states which use no 
traditional fault grounds but require that the 
couple reach an agreement about the division 
of marital resources before a divorce is 
granted. If no agreement is reached, the court 
may stipulate the division and grant the di- 
vorce. 

3) Unilateral divorce is possible but 
requires a large cost. States which fit this 
category are those, for example, which allow 
divorce on the grounds of unilateral sep- 
aration for periods ranging from one to seven 
years. If these costs are large enough it will 


be cheaper to agree than to divorce unilater- 
ally. Thus in the empirical analysis I have 
included these states under the mutual di- 
vorce category. 


A. Divorce Rate 


The theory presented earlier predicted that 
if there were an effective constraint to the 
spouses’ ex post bargaining about the indi- 
vidual returns to marriage or the division of 
resources at divorce, the divorce rate would 
be higher in states that allowed unilateral 
divorce. Popular wisdom agreed with that 
prediction. Much of the opposition to the 
legal change from mutual to unilateral di- 
vorce was based on the belief that if either 
spouse could walk out of the marriage, di- 
vorce would be easier and thus more likely to 
occur. A second model predicted that cost- 
less bargaining could redistribute the gains 
to marriage or divorce in such a way that 
divorce only occurred when the joint benefits 
exceeded the joint cost. Thus the law would 
have no effect on the divorce rate. In this 
section I present evidence about the rela- 
tionship between. the law and the divorce 
rate. 
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TABLE 5—-PROBABILITY OF DIVORCE AND REMARRIAGE 
Divorce 
(A) (B) Remarriage 
Intercept —3.44° —2.81° 27.69” 
(5.15 (4.91) (4.27) 
Age‘. — 0.26 —0.26 -1.23 
(403.95) (405.05) (65.04) 
Education —0.19 —0.19 0.23 
(8.57) (8.95) (0.13) 
White — 0.38 — 0.33 19.49 
(0.48 (0.37) (9.95) 
Kids under 18 -1.53 —1.55 — 7.49? 
(20.80) (21.33) (5.16) 
Kids Squared 0.07 0.07 0.70 
(0.54) (0.56) (0.48) 
SMSA 0.617 0.56 — 0.25 
(3.25) (2.87) (0.01) 
South 1.05 1.81 22.50° 
(1.67) (12.47) (19.72) 
West 1.70 3.12 20.46 
(4.57 (30.21) (13.50) 
North Central- 1.41 1.91 15.87 
(5.32) (13.86) (9.90) 
In Labor Force 1978 - - — 17.96 
(21.65) 
Time Since Divorce: 
<1 year = - — 41.65? 
(38.08) 
< 2 years - - — 26,15 
(21.73) 
<3 years - - —16.35 
(9.13) 
< 4 years ' - -— — 4,36 
(0.70) 
State Divorce Rate 1970 0.96° - 
(17.36) 
State Catholic 1970 — 0.23 - 
(0.01) 
Unilateral -0.32 0.01 — 9.77” 
(0.70) (0.00) (8.29) 
Sample Size 21,214 21,214 1,153 
Percent 5.76 5.76 28.27 





Note: The estimates reported are 3Percent/3X = B(P-(1—P))-100 from the logit 


P =1/(1 + e~*#). Chi-square statistics are in parentheses. 
“Significantly different from zero at the 5 percent level. 


P Significantly different from zero at the 10 percent level. 
“In the remarriage regression this variable is age at divorce. 


The dependent variable in these logit re- 
gressions is the probability of becoming di- 
vorced during 1975-78 given no previous 
divorces. Parameter estimates are reported in 
Table 5. As found in other studies (see, for 
example, Becker et al.), divorce is less likely 
to occur if a woman is older, more educated, 
has more children, and does not live in an 


urban area. The unilateral divorce rule is 
found to have no relationship to the prob- 
ability that a woman becomes divorced.” 


To test whether this result is an artifact of the 
classification scheme, the same regression was run using 
a subsample of women living only in states with divorce 
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The state divorce rate in 1970 (a time 
period before the changes in divorce laws) is 
included as a proxy for an unobserved state- 
specific propensity to divorce. The coefficient 
is, aS expected, positive and highly signifi- 
cant—the higher the 1970 state divorce rate, 
the more likely is a woman living in that 
state to become divorced during 1975-78. 
My earlier analysis (1983) found that states 
with higher 1970 divorce rates were more 
likely later to adopt a unilateral divorce rule. 
Thus leaving out the 1970 divorce rate would 
result in an upward bias on the estimated 
effect of unilateral divorce (compare regres- 
sions A and B in Table 5). The legal variable 
is, however, insignificant under either specifi- 
cation. 

The CPS sample that I use is not repre- 
sentative of the population as a whole be- 
cause it only includes women who lived in 
the same state in 1975 and 1979. Both theo- 
retical and empirical research have found 
that geographic mobility is positively corre- 
lated with divorce (see Bill Fenelon, 1971; 
Jacob Mincer, 1978). Therefore it is im- 
portant to determine -whether this sample 
selection criterion seriously affects the con- 
clusions drawn from Table 5 that the prob- 
ability of divorce is independent of the law 
regulating divorce. 

If migration is a consequence of divorce 
(for example, divorced individuals may tend 
to move to avoid bad memories and associa- 
tions), and if, for some exogenous reason, 
interstate migration is higher for unilateral 
States, then omitting migrants from the anal- 
ysis would cause a downward bias on the 
coefficient, on unilateral ‘divorce. This could 
explain why the results show that the divorce 
rate is not higher in unilateral states. Alter- 
natively, if migration is a factor that precipi- 
tates divorce (for example, conflicting loca- 
tion choices for the husband and wife lead- 
ing to marital breakdown), then omitting 
migrants from the sample would not alter the 





laws that could be unambiguously classified as unilateral 
or mutual. In these regressions, the probability of di- 
vorce is not higher in unilateral divorce states, and there 
is some evidence that the rate may be slightly lower. 
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conclusion that, ceteris paribus, the probabil- 
ity of divorce is independent of the law 
regulating divorce. 

Results from aggregate state analyses can 
be used to resolve this issue. Several uni- 
variate and multivariate time-series studies 
have examined changes in state aggregate 
divorce rates before and after the changes in 
the law that occurred during the 1970’s 
(Gerald Wright and Dorothy Stetson, 1978; 
Harvey Sepler, 1981; Robert Schoen et al., 
1975; Becker, 1981; and myself, 1983). For 
the most part, these studies found that the 
trend in the divorce rates was unaffected by 
the change in the law. A study of several 
Scandanavian countries that had imple- 
mented what were essentially unilateral di- 
vorce rules shows similar results (Annemette 
Sorensen, 1980). These studies, in conjunc- 
tion with the results reported in Table 5, 
provide evidence in support of the symmetric 
information model. 


B. Compensation at Divorce 


The empirical test of the effect of the law 
depends crucially on the assumption that the 
actual practice in states with mutual divorce 
laws differs from that in states with un- 
ilateral divorce laws. For example, if the law 
allows unilateral separation but also enforces 
a scheme where the injured party is com- 
pensated for unanticipated loss at divorce, 
then individuals would behave as if mutual 
agreement were required. In this case it would 
be the compensation scheme rather than the 
separation rule which influences behavior. 
Thus it is important to examine jointly the 
law on the books and the compensation 
scheme which: is practiced. This subsection 
explores the effect of the law on the levels of 
the divorce settlement and on the variability 
of the settlement. 

The divorce settlement can consist of three 
kinds of payments: 1) alimony; 2) child sup- 
port; and 3) property settlement. Although 
in theory the purpose for each payment is 
different, in practice they should be fungible. 
The weight given to each, however, will vary 
according to the importance of such factors 
as the differential tax structure applied to 
each type of payment, the fact that alimony 


(w 
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TABLE 6— OLS REGRESSIONS OF AMOUNT OF DIVORCE SETTLEMENT RECEIVED 
Alimony Child Support Support Settlement 
Received Received Received Value 
Intercept —1,423.22> — 4,265.92" — 3,323.69° — 21,614.50" 
(4.26) (4.59) (5.83) (7.66) 
Age of Divorce 22,20° 55.38 39.63 248.34? 
(6.77) (4.27) (6.04 (7.37) 
Education 59.47 115.95 113.91 1056.90° 
(3.43) (2.46) (3.85) (6.96) 
White 247.72" 710.41 689.89° 4317.20° 
(1.75) (2.13) (2.85) (3.48) 
Kids under 18 23.16 971.30" 1085.10°. 3883.78 
‘ (0.27) (3.35) (7.38) (5.14) 
Kids Squared ~ 1.80 —138.87° — 154.23 —607.07° 
(0.08) (2.34) (3.86) (2.96) 
SMSA 97.86 73.64 141.66 1642.55 
(1.15) (0.36) (0.98) (2.21) 
In Labor Force 1978 — 205.81? 241.30 — 15.00 1284.10 
. (1.86) (0.88) (0.08) (1.32) 
Proportion Eligible 321.45° 1225.39? 689.88 - 
(1.71) (2.33) (2.15) 
Time Since Divorce — 65.19 — 204.84 — 120.85 — 930,96" 
(1.41) (1.65) (1.53) (2.95) 
Unilateral ~ 185.65 — 462.36? — 448.54 — 137.19 
(2.19) (2.25) (3.10) (0.18) 
R? 048 .078 105 110 
Sample Size 1,221 636° 1,221 1,221 








Note: T-statistics are shown in parentheses. 


“Significantly different from zero at the 5 percent level. 


>Significantly different from zero at the 10 percent level. 
“The regression is run on the sample of women with children who are eligible to receive child support. 


and child support are usually periodic pay- 
ments and the property settlement is lump 
sum, and the restriction that alimony ends at 
remarriage. 

Table 6 presents the regression estimates. 
The regressions include several socioeco- 
nomic variables to control for the influence 
of the woman’s observable characteristics on 
the divorce settlement. The estimates of these 
parameters are consistent with the expecta- 
tion that compensation at divorce is posi- 
tively related to the value of the marriage 
and to the amount of marriage-specific in- 
vestment by the wife (see Landes for similar 
results concerning alimony). 

Table 6 also shows that the amounts of 
alimony and child support received are sig- 
nificantly lower in unilateral states.?*7> Evi- 


2 The amount of the property settlement seems to be 
unrelated to the unilateral /mutual law. Thus one cannot 


dence that the divorce rate does not differ 
between the two regimes but that the com- 
pensation schemes do differ supports the 
symmetric information model—separations 
are efficient, but the constraints imposed 
by the law require different compensation 
schemes to achieve that efficiency. 


make the argument that unilateral divorce was accompa- 
nied by other changes in marriage property law which 
tended to raise the property settlement and offset the 
lower levels of child support and alimony payments. 

3A few studies have examined changes in divorce 
settlement payments in a single state before and after 
the adoption of a unilateral divorce rule (Ruth Dixon 
and Weitzman, 1980; K. Seal, 1983; Charles Welch and 
Sharon Price-Bonham, 1983). In general, these studies 
are consistent with the cross-state results reported in 
this paper. No-fault (or unilateral divorce) is associated 
with lower amounts of alimony and child support pay- 
ments (although the differences were not always signifi- 
cant in the Welch and Price-Bonham study). Two of the 
studies also showed significant changes in property 
settlements. 
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TABLE 7-— MEASURES OF THE DISPERSION OF THE DIVORCE SETTLEMENT AND FAMILY INCOME BY STATE LAW 
(Shown in thousands of dollars) 











Variance 
Alimony Due M’ 6.28" 
U 0.87 
Alimony Received M 4.11° 
U 0.82 
Child Support Due M 14.60? 
U 2.38 
Child Support Received M 13.54 
U 2.19 
Support M 12.42 
U 2.76 
Settlement Value M 204.14" 
U 165.65 
Family Income M 124.45 
U 137.00 





“Variances are not equal at 5 percent significance level. 





Unexplained 

Coefficient of Unexplained Coefficient of 

Variation® Variance® Variation®® 
486.98 5.98% 475.43 
506.38 0.83 494.88 
558.44 3.92? $45.39 
544.22 ; 0.79 534.19 
195.43 13.997 191.29 
92.33 2.08 86.32 
228.02 13.097 224.21 
128.08 1.92 119.91 
298.72 11.377 285.87 
212.54 2.37 196.79 
216.32 i 177.30° 201.59 
190.61 151.78 182.45 
77.53 114.70 73.95 
78.76 114.16 73.64 





ÞM = Mutual Divorce Law Sample; U = Unilateral Divorce Law Sample. 
“Unexplained Variance is the sum of squared residuals divided by the degrees of freedom from a regression of the 


divorce settlement payment on individual characteristics. 


“From previous column—see note c. 


“Tests of significance are not calculated for coefficient of variation. 


C. Variance in Payments 


The variance in settlement payments in a 
symmetric information model is a function 
of the divorce law. Mutual divorce requires 
that these payments vary to compensate the 
spouse that is worse off at divorce. Com- 
pensating payments are not required under 
unilateral divorce. Thus the variance in set- 
tlement payments will be higher under a 
mutual divorce law if the information is sym- 
metric. 

To test for a difference in variances, a 
simple F-distribution is used on the ratio of 
the two variances. In all of the six measures 
of divorce payments in Table 7, the variance 
under mutual divorce is significantly greater 
than that under unilateral divorce. Because 
the distribution of observed characteristics 
may differ in states with the two laws, I also 
calculate F-tests on the residual variances 
from regressions of the settlement payments 
on the characteristics of divorced women. 
Again, variance is significantly higher in 
mutual divorce states. These tests are on 
absolute variances. The mean payment also 


differs by the divorce law, therefore a mea- 
sure of relative variance—the coefficient of 
variation—is calculated. Using this measure 
reduces the differential in variances, but in 
only one case is the direction of that in- 
equality reversed. 

If divorce payments under a mutual law 
compensate for a low draw of A,, under 
certain distributional assumptions, they 
should reduce the variance in total income. 
However, an F-test shows no significant dif- 
ference in the variance of total income be- 
tween unilateral and mutual states. The 
results from the F-tests on equality of vari- 
ances of divorce payments tend to support 
the symmetric information model, and the 
results about variances in income are not 
inconsistent with the model. 


D. Remarriage 


The CPS data do not allow a test of the 
relationship between unilateral divorce law 
and first marriages. Some information, how- 
ever, exists about remarriage of those previ- 
ously divorced. The kind of contract made at 


ees 
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remarriage may differ in some significant 
ways from one made at first marriage (for 
example, the presence of children from a 
previous marriage may alter the nature of the 
agreement). I do not, however, expect the 
qualitative effect of the divorce rule on the 
contract to differ between marriage and re- 
marriage. The effect may, in fact, be stronger 
because women who have already been di- 
vorced are more aware of any potential con- 
sequences of divorce laws. 

The dependent variable in the last logit 
regression in Table 5 is the probability that a 
woman remarried by April 1979, given that 
she became divorced sometime between 1975 
and 1978. The effects of the socioeconomic 
variables in this regression are consistent with 
other results (see Becker et al.). Older women 
and women with children are less likely to 
remarry. Whites are more likely to remarry. 
The date of divorce in this sample ranges 
from 1975 to 1978. The coefficients on the 
dummy variables indicating time since di- 
vorce are negative compared to the omitted 
category of divorce occurring more than 4 
years before 1979. As expected, the prob- 
ability of being remarried by April 1979 
increases as time since divorce increases. 
Unilateral divorce lowers the probability of 
remarriage by a little more than nine per- 
centage points.” 


E. Moral Hazard 


The largest source of income for divorced 
women who have not remarried is earnings. 
Staying in the home and caring for the 
children during marriage will lower future 
potential earnings. If this marriage-specific 
investment is not fully compensated for at 
divorce, there exists an incentive for married 


4 Because all individuals in this sample have not had 
the same amount of time in which to become remarried, 
the logit estimates of the probability of remarriage within 
a given time period will not be entirely correct. The use 
of hazard rate models might be more appropriate. How- 
ever, the coefficient estimate on the variable of interest, 
the divorce law, is robust across logit specifications that 
both included and excluded the time since divorce con- 
trol variables. Therefore, the limitations imposed by the 
specification in the paper are probably not too severe. 
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TABLE 8—LABOR FORCE AND FERTILITY BEHAVIOR OF 
NEVER-DIVORCED MARRIED WOMEN 


Labor Force Children ` 
Participation’ Less than 64° 
Intercept 71.98° 1.91" 
(426.38) (25.73) 
Age ~1,92 ~ 0.04 
: (2,119.43) (22.81) 
Kids under 6 — 30.84 ~ 
: (752.80) 
Kids 6-18 ~8.80° - 
(99.30) 
Kids Squared 1.42 - 
(54.94) 
Education 3.46" . ~0,01° 
(452.74) (3.23) 
White — 12.52 —0.11 
(71.21) (3.64) 
Husband’s Earnings —0.39 0.01 
(in thousands) (98.21) (5.52) 
SMSA ~0.31 — 0.03 
(0.14) (1.98) 
South ~ 0.08 ~ 0.02 
(0.00) (0.80) 
West —0.71 0.06 
(0.28) (2.19) 
North Central 2.54 0.04 
(4.98) (1.74) 
Unilateral 2.22 -0.02 
(6.34) (1.23) 
Percent 53.64 . - 
R? 0.06 
Sample Size 19,501 8,413 


‘Significantly different from zero at the 5 percent 
level. 

>Significantly different from zero at the 10 percent 
level. 

©The estimates reported are ô Percent/dX = B(P- 
(1— P))-100 from the logit P=1/(1+ e779). Chi- 
square statistics are in parentheses. 

9T-statistics for the OLS regression are in paren- 
theses. 

“The sample is restricted to women younger than 40, 


women to reduce their time spent in the 
home and increase their more general market 
capital by entering the labor force. 

In Table 8, I examine the effect of uni- 
lateral divorce laws on the labor force par- 
ticipation of married women. The indepen- 
dent variables have the usual effect on labor 
force participation. Older women, white 
women, and women with young children are 
less likely to participate. The marginal effect 
of a child declines with the number of 
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children. Husband’s earnings are also nega- 
tively related to the likelihood of participa- 
tion. Living in a unilateral state, however, 
increases the probability of participation by 
two percentage points. This may be indica- 
tive of the incentive for married women to 
enter the labor force to self-insure against 
becoming divorced without compensation.” 

The analysis of fertility tells a somewhat 
different story. Table 8 reports a regression 
of the number of children younger than age 
6 living in the households of never divorced, 
married women. The effect of the indepen- 
dent socioeconomic variables is consistent 
with other research. Fertility is lower for 
older, more educated, and white women, and 
is positively related to the earnings of the 
husband. The coefficient on the legal variable 
is negative, but not significantly different 
than zero. 

Thus it seems that differences in law are 
associated with differences in labor force be- 
havior, but not with differences in fertility 
behavior. There are several possible explana- 


tions for these results. First, the measure of. 


fertility, the number of children younger than 
6, represents fertility decisions made over a 
period in the past. It would take some time 
for changes that occurred in the legal en- 
vironment during the mid-1970’s to have their 
full impact on that measure. The labor force 
variable, however, measures a single year’s 
participation decision. A response in labor 
force behavior to a change in the law would 
therefore be observed sooner. 

A second explanation may involve the re- 
lationship between children and labor market 
opportunities and the amount of the divorce 
settlement for women. Better labor market 
opportunities raise the income for divorced 


354 second specification of this regression included 
the 1970 state married female labor force participation 
rate as an exogenous variable. While this variable was 
highly correlated with the dependent variable, its inclu- 
sion had a trivial impact on the coefficient for unilateral 
divorce. The participation rate for married women living 
in unilateral states in 1979 remained almost 2 per- 
centage points higher. A similar kind of variable, 1970 
state marital fertility rate was included in. the fertility 
equation. Again, this specification did not affect the 
coefficient on unilateral divorce. 
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women but do not consistently lower the 
divorce settlement (see Table 6). Children 
may increase the cost of being divorced; 
however, this is partly offset by the positive 
effect that children have on the divorce set- 
tlement. Thus a change in labor force behav- 
ior may be a more effective method for a 
woman to self-insure against the negative 
consequences at divorce. 

It may seem surprising that this moral 
hazard problem does not.lead to higher di- 
vorce rates in unilateral states. If, however, 
the problems can be anticipated, individuals 
may respond, instead, by marrying less or by 
searching longer for a better match. This 
may explain the results from the remarriage 
regressions.” 


I. Conclusions 


This paper presents empirical evidence 
about the impact of two types of divorce 
laws on various aspects of the marriage con- 
tract. One law specifies that either spouse 
can initiate divorce (unilateral), the other 
requires that both agree to divorce (mutual). 
Two models of contracting are proposed that 
differ in their assumptions about the infor- 
mation set available to each spouse. One 
model assumes that ex post information 
about the value of opportunities outside the 
marriage is symmetric. The other model as- 
sumes that information is asymmetric. The 
clearest distinction between the two models 
concerns predictions about divorce rates and 
divorce settlement payments. The empirical 
results show that the divorce rates are not 
significantly different in unilateral and mutu- 
al consent states, but that divorce settle- 
ment payments are lower in unilateral states. 
This evidence supports the hypothesis of the 
symmetric information model that divorce 


Johnson and Skinner develop a model where wom- 
en who anticipate a higher probability of divorce will 
invest more in the labor market to insure against lower 
earnings at divorce. The evidence presented in this paper 
suggests that it is the nature of the compensation scheme 
that is important. If a scheme could be enforced that 
insured women against the negative consequences of 
divorce, incentives for providing less than optimal 
investment in marriage would be reduced. 


as 
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occurs when it is efficient, but the compensa- 
tion scheme depends on the divorce law. 
Findings of lower remarriage rates and lower 
variance in compensation at divorce for 
women living in unilateral states are also 
consistent with this hypothesis. 

Despite the recent emphasis in the con- 
tract literature on the constraints of asym- 
metric information (see the survey by Oliver 
Hart, 1983), there are several reasons why 
the above results may not seem unreasonable 
for the case of marriage. First, the nature of 
the interaction in marriage makes it more 
difficult to conceal information than would 
be true of more impersonal relationships. 
Second, there may be ties such as the pres- 
ence of children that continue after the rela- 
tionship has terminated. These ties may 
create incentives to reveal information by 
inducing each party to consider the joint, 
rather than the individual, gain to any 
action.” 


These results concerning marriage contracts could 
be relevant to certain labor market relationships with 
similar characteristics. These include jobs where there is 
a close working relationship between employer and em- 
ployee, jobs with a high degree of firm-specific capital, 
and jobs which induce the individual to consider the 
profit of the company even after job separation through 
compensation such as stock options. Employees in a 
small firm and specialized executives and managers are 
some examples of the kinds of relationships to which the 
analysis and conclusions presented in this paper might 
be applicable. 


REFERENCES 


Becker, Gary S., Human Capital, NBER, New 
York: Columbia University Press, 1964. 

, “A Theory of Marriage: Part II,” 
Journal of Political Economy, March/April 
1974, 82, 11-26. 

» A Treatise on the Family, Cam- 

bridge: Harvard University Press, 1981. 

» Landes, Elisabeth M. and Michael, 
Robert T., “An Economic Analysis of 
Marital Instability,” Journal of Political 
Economy, December 1977, 85, 1141-88. 

Carter, Hugh and Glick, Paul C., Marriage and 








PETERS: MARRIAGE AND DIVORCE 453 


Divorce: A Social and Economic Study, 
Cambridge: Harvard University Press, 
1976. 

Dixon, Ruth B. and Weitzman, Lenore J., 
“Evaluating the Impact of No-Fault Di- 
vorce in California,” Family Relations, No. 
3, 1980, 29, 297-307. 

Fenelon, Bill, “State Variations in United 
States Divorce Rates,” Journal of Mar- 
riage and the Family, May 1971, 33, 
321-27. 

Freed, Doris Jonas and Foster, Henry H., Jr., 
“Divorce in the 50 States: An Overview as 
of 1978,” Family Law Quarterly, Spring 
1979, 13, 105-28. 

Hall, Robert E. and Lazear, Edward P., “The 
Excess Sensitivity of Layoffs and Quits to 
Demand,” Journal of Labor Economics, 
April 1984, 2, 233-57. 

Hart, Oliver D., “Optimal Labor Contracts 
Under Asymmetric Information: An In- 
troduction,” Review of Economic Studies, 
January 1983, 50, 3-35. 

Hashimoto, Masanori and Yu, Ben T., “Specific 
Capital, Employment Contracts and Wage 
Rigidity,” Bell Journal of Economics, Au- 
tumn 1980, 71, 536-49. 

Johnson, William R. and Skinner, Jonathan, 
“Labor Supply and Marital Separation,” 
American Economic Review, June 1986, 76, 
455-69. 

Landes, Elisabeth M., “Economics of Ali- 
mony,” Journal of Legal Studies, January 
1978, 7, 35-63. 

Mincer, Jacob, “Family Migration Decisions,” 
Journal of Political Economy, October 1978, 
86, 749-73. 

Mnookin, Robert H. and Kornhauser, Lewis, 
“Bargaining in the Shadow of the Law: 
The Case of Divorce” Yale Law Journal, 
April 1979, 88, 950-97. 

Mortensen, Dale, “Specific Capital and Labor 
Turnover,” Bell Journal of Economics, 
Autumn 1978, 9, 572-86. 

Patel, Jagdish K. and Read, Campbell B., 
Handbook of the Normal Distribution, New 
York: Marcel Dekker, 1982. 

Peters, H. Elizabeth, “The Impact of Regu- 
lation of Marriage, Divorce and Proper- 
ty Settlements in a Private Contracting 
Framework,” unpublished doctoral disser- 
tation, University of Chicago, December 


454 THE AMERICAN ECONOMIC REVIEW 


1983. 

Riordan, Michael H., “Uncertainty, Asymmet- 
ric Information and Bilateral Contracts,” 
Review of Economic Studies, January 1984, 
51, 83-93. 

Schoen, Robert, Greenblatt, Harry N. and Mielke, 
Robert B. “California’s Experience with 
Non-adversary Divorce,” Demography, 
May 1975, 12, 223-44. 

Seal, K., “A. Decade of No-fault Divorce: 
What It Has Meant Financially for Wom- 
en in California,” Family Advocate, Spring 
1983, J, 10-15. 

Sepler, Harvey J., “Measuring the Effects 
of No-Fault Divorce Laws Across Fifty 
States: Quantifying a Zeitgeist,” Family 
Law Quarterly, Spring 1981, 15, 65-102. 

Sorensen, Annemette, “Flight from Unhappi- 
ness: Causes and Implications of the Re- 


JUNE 1986 


cent Upturn in Divorce, The Case of Den- 
mark,” unpublished doctoral dissertation, 
University of Wisconsin-Madison, 1980. 

Weitzman, Lenore J., The Marriage Contract: 
Couples, Lovers, and the Law, New York: 
Free Press, 1980. 

Welch, Charles E. IN and Price-Bonham, Sharon, 
“A Decade of No-fault Divorce Revisited: 
California, Georgia, and Washington,” 
Journal of Marriage and the Family, May 
1983, 45, 411-18. 

Wright, Gerald C., Jr. and Stetson, Dorothy M., 
“The Impact of No-Fault Divorce Law 
Reform on Divorce in the American 
States,” Journal of Marriage and the 
Family, August 1978, 40, 575-80. 

U.S. Bureau of the Census, BLS, Current Popu- 
lation Survey, Match File, Washington, 
March/April 1979. 


Labor Supply and Marital Separation 


By WILLIAM R. JOHNSON AND JONATHAN SKINNER* 


Panel data suggest that women who subsequently divorce increase their labor 
supply in the three years prior to separation. A simultaneous model of future 
divorce probability and current labor supply is estimated for married women, The 
results support the hypothesis that divorce probabilities increase labor supply. 
Thus, the recent rise in the frequency of divorce may account for one-third of the 
unexplained increase in women’s postwar labor force participation. 


One of the fundamental recent changes in 
the structure of the American family has 
been the rise in the frequency of divorce. 
The proportion of the population that had 
divorced and not remarried increased from 
2.3 percent in 1960 to 6.7 percent in 1981. 
Marriages begun in 1970 were 60 percent 
more likely to end in divorce than those 
begun in 1950 (Andrew Cherlin, 1981). De- 
spite these pronounced trends, the effect of 
marital separation on labor force participa- 
tion and work hours has received little atten- 
tion.! 

Families in the Michigan Panel Study of 
Income Dynamics (PSID) that separated 
during one of the twelve survey years are 
usually the first to be excluded from em- 
pirical studies of labor supply. We use this 
neglected sample of families to investigate 
the effect of actual and possible marital sep- 
aration on the labor supply of men and 
women. Panel data allow us to control for 
unobserved heterogeneity by measuring the 


*Department of Economics, University of Virginia, 
Charlottesville, VA 22901. We thank Orley Ashenfelter, 
Tom Kniesner, H. Gregg Lewis, Glenn McDonald, 
Marjorie McElroy, Whitney Newey, Elizabeth Peters, 
Chris Robinson, Paul Schultz, Robert Shakotko, Steve 
Stern, John Strauss, several anonymous referees, and 
workshop participants at Duke, McMaster, Virginia, 
Western Ontario, and Yale for comments on earlier 
versions. Thanks also to Peggy Claytor for typing many 
drafts. 

‘Two: exceptions are William Greene and Aline 
Questor (1982) and Robert Michael (1985). Michael 
uses aggregate time-series data to find that female labor 
force participation is significantly affected by lagged 
divorce rates, or that divorce “Granger causes” labor 
supply. 
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labor supply of the same person in the years 
preceding and following the marital sep- 
aration.? A comparison of average hours 
worked before and after the couples split 
indicates that actual separation marginally 
reduced work effort of men, but led to.a 
substantial rise in female work hours. The 
average labor supply of women rose from 
1024 hours one year before the split to 1551 
hours four years following the separation. 
Evidence from the PSID suggests that 
much of the total increase in female hours of 
work associated with the divorce occurred 
before the separation; work hours rose from 
an annual average of 744 six years preceding 
the split to 1024 the year before the sep- 
aration. This shift in labor supply while the 
couple was still married is subject to two 
interpretations. First, women may respond 
to a higher probability of divorce by working 
to gain job experience; thus as the sep- 
aration becomes more likely in the years 
preceding the split, hours of work rise. Alter- 
natively, an increase in labor supply could 
raise the probability of divorce, so that wom- 
en who had recently worked more hours 
would be overrepresented in the sample of 
divorced families.’ We attempt to isolate 


?While the PSJD measures separation rather than 
divorce, we will use the two terms interchangeably. 

3An alternative explanation would be that an unob- 
servable effect (say, “political consciousness”) led to 
both increased work hours and higher divorce rates. As 
long as this unobservable effect is not correlated with 
the exogenous variables, the validity of our estimates 
will not be affected. 
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these effects in a theoretical and empirical 
model in which divorce probabilities and 
labor supply are determined simultaneously. 
Our results show that married women 
without previous labor force experience in- 
crease their labor supply in response to 
higher divorce probabilities, and that work- 
ing has a positive but insignificant effect on 
divorce. 

Past studies of the labor supply of married 
women have left unexplained substantial 
variation in participation rates and in hours 
of work (see Thomas Mroz, 1985). The find- 
ing that labor supply is affected strong- 
ly both by marital separation and by the 
probability of future separation suggests that 
previous studies may have neglected an 
important factor in women’s labor supply 
decisions. Most obviously, since divorce 
increases female labor supply, the rising 
fraction of women who are divorced acts to 
increase the overall labor force participation 
rate of women. More subtly, and more im- 
portantly, the rising probability of divorce 
faced by married women increases their labor 
supply, whether they ultimately separate or 
not. As we show, these effects could account 
for up to one-third of the unexplained in- 
crease in labor force participation among 
women in the past several decades. In ad- 
dition, differences across groups in labor 
supply may in part reflect differences in di- 
vorce probabilities. For example, blacks have 
a higher probability of divorce than whites, 
even when other relevant variables are 
accounted for. This racial difference in di- 
vorce risk might explain a portion of the 
racial difference in female labor supply.* 

Section I provides a descriptive overview 
of the relation between marital separation 
and hours of work. Section II sketches a 
model of divorce and labor supply, which is 
estimated in Section III using cross-section 
data from the PSID. 


4This explanation was first suggested by Glen Cain 
(1966). T. Paul Schultz (1980, p. 65) shows that racial 
differences in women’s reservation wages persist after 
controlling for other characteristics. 
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I. Hours of Work and Participation Rates 
for Women Who Divorce 


During the first twelve years of the PSID, 
more than 20 percent of the sample experi- 
enced a change in marital status. As a first 
step, we examine changes in the labor supply 
of those families that experienced a marital 
separation during the survey period. The 
requirements for inclusion in the sample of 
families that separated were that they 1) 
separated between 1969 and 1977 (thus al- 
lowing at least one year of data in the survey 
before and after the separation), 2) remained 
separated for at least a year following the 
split, 3) were not retired, and 4) were not 
split-offs from the original sample. That is, if 
a teenager left the original family to get 
married in 1971, but separated in 1975, he or 
she would not be included in the sample. 
After checking for coding error and duplica- 
tion of records, the sample consisted of 329 
families. 

Figure 1 (and Table 1) records average 
hours of work for women according to the 
number of years preceding or following the 
separation. These averages, which include 
women who did not work, show a slow rise 
in annual hours from the seventh year before 
the split (635 hours) to the year before the 
split (1024 hours), and then a sharp rise to 
around 1500 hours in the second year after 
the split. Much of the total increase in labor 
supply came through increased labor force 
participation, which rose from an average of 
68 percent in the years before the split to 88 
percent after the split. 

The survey years were characterized by 
general increases in labor supply of all wom- 
en, and it is instructive to compare the secu- 
lar trend with these shifts in labor supply. 
We therefore include a baseline comparison 
of work hours for women who did not split 
during the twelve-year survey. These aver- 
ages were adjusted to reflect the calendar 
year composition, of labor supply for the 
separated women.’ 


° Translating calendar year averages into “year rela- 
tive to split” averages was accomplished by appropriate 
weighting of the baseline calendar year averages. For 
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TABLE 1—Hours OF WORK AND PARTICIPATION RATES OF SEPARATED COUPLES 








Females 
Full Sample : Males 
A Hours Baseline 
Year Relative Average Participation verage Average Average 
to Split Hours Rate N (N=72? (N=116)° Hours Hours N 

-7 635 62 58 595 2303 47 
—6 744 75 72 744 615 2219 $9 
-5 814 67 96 748 616 2277 n 
—4 760 .66 126 746 628 2267 82 
-3 835 67 149 766 637 2277 100 
-2 921 71 180 896 645 2321 119 
—1 1024 76 202 905 1113 664 2177 127 

0 1250 85 202 1236 1277 689 2259 127 
+1 1420 88 202 1445 1424 717 2151 127 
+2 1507 87 169 1501 729 1971 93 
+3 1555 86 137 1511 745 1952 69 
+4 1551 89 116 1551 763 1938 61 





*Average hours for the sample of 72 families with data in year — 6. 
Average hours for the sample of 116 families with data in year +4. 
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FIGURE 1. FEMALE Hours OF WORK AND 
LABOR FORCE PARTICIPATION 


One shortcoming of the data for separated 
couples is that the composition of the sam- 
ple changes over the eleven years. Many of 
the divorced individuals remarried, and not 
all of the divorced spouses were followed by 
the Michigan Survey Center. To test whether 
this selection rule might have introduced 
some bias, we collected averages for groups 


example, if half the observations for 4 years before the 
split came from 1973 and half from 1974, then the 
appropriate comparison for the nonseparated sample is 
the simple average of labor supply in 1973 and in 1974. 


Non - separated 
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FIGURE 2: MALE Hours OF WORK 


that were married for at least six years previ- 
ous to the split, and groups that were sep- 
arated for at least four years after the split. 
The results in Table 1 suggest that this source 
of potential bias is not large. Correcting for 
the changing composition of the sample, 
however, reduces the variation in hours of 
work for earlier years (—6 to —3), and 
indicates that a large proportion of the rise 
in work effort for women occurred during 
the two years before the separation. 

The PSID also indicates a large drop in 
family income for the recently divorced 
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woman. Income apart from her earnings 
dropped from $9938 one year before the 
split to $3032 the year of the separation. 
While consumption requirements may be less 
for single-headed households, it seems clear 
that the substantial loss in income provides 
an important incentive for increasing work 
hours. The magnitude of the income loss is 
roughly consistent with results in Lenore 
Weitzman (1985) and also supports the find- 
ings of Mary Jo Bane and David Ellwood 
(1986) that spells of poverty are often trig- 
gered by marital separation. 

Hours of work for men are presented in 
Figure 2 and also in Table 1. Hours of work 
decline slightly in the year prior to the sep- 
aration, rise during the year of separation, 
and then fall by about 10 percent after the 
separation. This fall in work hours is con- 
sistent with the theory of specialization in 
marriage; the loss of specialization causes 
the husband to spend more time working 
in household activities. Total work hours 
of the separated couple rises, owing both to 
the necessity for supporting two separate 
households, and to the loss of advantages 
from specialization. 

The finding that women’s work hours rise 
prior to the divorce suggests either that 
women anticipate working full time after the 
separation by gaining job experience early, 
or that the increases in the wife’s working 
hours increases the risk of divorce. In the 
next section, these ideas are formalized in a 
simultaneous model of marital separation 
and married women’s labor supply. 


II. Labor Supply of Married Women with 
Endogenous Future Divorce 


Consider the labor supply decision of a 
married woman with uncertain future marital 
status. Her current labor supply will have a 
positive effect on future wages because of 
learning by doing and on-the-job training. 
The present value of the investment in work 
effort, however, will differ according to the 
subsequent marital status of the wife. The 
economic theory of specialization in mar- 
riage suggests that were she to remain mar- 
ried with a wage less than her husband’s, she 
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would work fewer hours than if she were 
divorced. If she were divorced, both income 
effects and the loss of specialization would 
increase her labor supply, and hence raise 
the return to her accumulation of current job 
experience. In other words, the expected 
value of marketable human capital should be 
greater the higher the probability of subse- 
quent divorce. Hence we can write current 
labor supply, L, as a function of ~, the 
probability of divorce, and a vector of con- 
ventional exogenous variables, X, explaining 
wife’s labor supply or proxying for her 
market wage (for example, wife’s education, 
husband’s earnings, etc.): 


(1): L=g(a,X). 


If the probability of divorce were exoge- 
nous, we could obtain estimates of (1) by 
using the actual occurrence of divorce in the 
future as a proxy for 7. It is reasonable to 
suppose, however, that m is not exogenous 
and may, in fact, depend on the wife’s cur- 
rent labor force behavior. According to the 
economic theory of marriage as espoused by 
Gary Becker (1981), the value of the mar- 
riage depends on the degree of specialization 
of the partners. Hence, holding other fac- 
tors constant, the wife’s decision to work 
will reduce the economic value of the mar- 
riage relative to divorce. Models of di- 
vorce and alimony developed by Becker, 
Elisabeth Landes, and Robert Michael 
(1977), Landes (1978), and Elizabeth Peters 
(1986) argue that divorce occurs when joint 
marital satisfaction falls below the joint level 
attainable by each partner separated.’ If we 
suppose that new, unforeseen information 
becomes available in each period which may 
change the value of marriage to one or both 
partners, and this information is generated 


This abstracts from differences in marginal utility of 
income in the different states. See our earlier paper 
(1985). 

7Transfers within marriage and the existence of 
alimony may allow efficient separation even if unilateral 
divorce is possible. 
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by a stochastic process which is identically 
and independently distributed across fami- 
lies, then divorce occurs when 


(2) A(L,Y)+e<0, 


where e is the realized value of the new 
information, and A is the value of marriage, 
decreasing in L and also a function of other 
variables, Y. If e is a standard normal de- 
viate, then the probability of divorce, 7, can 
be written 


(3) a= F(—A(L,Y)), 


where F is the cumulative normal distribu- 
tion function. 

Since L <0 is not observed, equation (1) 
can be modeled as a Tobit process while 
divorce can be viewed as a probit process 
based on equation (3). To estimate the sys- 
tem consistently, we form a reduced-form 
probit for divorce based on all the exoge- 
nous variables of the system, {X UY}. The 
predicted probability of divorce, #, com- 
puted from the first-stage probit estimates is 
then used as a regressor in equation (1), 
which is estimated by maximum likelihood 
Tobit to account for the truncation of hours 
of work at zero. An identical procedure is 
also used to estimate a structural probit on 
labor force participation. 

An alternative estimation method handles 
the truncation of hours at zero by first esti- 
mating an inverse Mills ratio based on a 
probit equation predicting labor force par- 
ticipation, and then using that ratio in an 
ordinary least squares (OLS) equation on 
hours of work. As John Cogan (1980) and 
others have shown, this procedure allows the 
index which determines hours of work to 
differ from the index determining labor force 
participation and is, therefore, more general 
than Tobit which assumes the two indices 
are identical. 


Ill. Estimation of the Simultaneous 
Equation Model 


To estimate the model, we used a cross- 
section sample of married families from the 
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PSID. We chose 1972 for the sample year 
because it provided information on past work 
history in 1968-69 and information on fu- 
ture separations (between 1973 and 1978), 
and because a number of psychological 
questions which may be important in ex- 
plaining divorce were asked by the survey in 
that year.® The sample combined two groups, 
all of whom had been married at least four 
years; 1599 couples who remained married 
during the entire panel period without any 
disruption in family structure, and 187 cou- 


_ ples married in 1972 but who separated be- 


tween 1973 and 1978. A description of the 
variables with their mean values is presented 
in Table 2. Many of the variables are stan- 
dard to labor supply studies, such as age, 
education, and family income less the wife’s 
earnings. We also include variables measur- 
ing psychological attitudes (an index of trust, 
an index of how easily one angers, whether 
one plans ahead), religious practices (fre- 
quency of religious attendance, religion), en- 
vironment (whether close relatives live 
nearby, whether nonurban), and the tenure 
of the marriage.’ Finally, a variable is in- 
cluded reflecting whether the state of resi- 
dence had no-fault divorce laws in 1972.!° 
This factor might affect both the probability 
of divorce and the financial support ex- 
pected after divorce (Peters; Weitzman). 

A complete model of household behavior 
would include current decisions about hav- 
ing children as another endogenous variable 
simultaneously determined with labor supply 
and divorce probabilities. However, past de- 
cisions about children and labor supply will 
also clearly affect current labor supply and 


®These questions were asked only of one person in 
the household. Marital dissension might be closely tied, 
however, to differences in psychological attitudes be- 
tween the spouses. 

°Tenure of the marriage could only be measured for 
those in their first marriage. We know that those in their 
second marriage were married before 1968, so we assign 
tenure equal to 4 years to those who had remarried; this 
will tend to bias average tenure downward. 

©The assignment of states was based on Peters’ 
methodology applied to state divorce laws in 1972 as 
described by Doris Freed (1972). 
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TABLE 2—-LIST OF VARIABLES WITH MEAN VALUES 








Variable 





Mean 

1) Personal Characteristics 
Age (wife) . Age of wife 36.1 
Age (husband) Age of husband 38.9 
Educ (wife) Education (in years) of wife 11.7 
Educ (husband) Education (in years) of husband 11.5 
Income Family income minus wife’s earnings (x 107 *) 1.153 
Race One if nonwhite (question asked in 1979) 272 
Disabled Physical disability 080 
Infant Whether youngest child is under age 3 in 1968 275 
Child Whether youngest child is aged 3 to 8 in 1968 346 
2) Characteristics of the Marriage 
Tenure Years of marriage (from 1968, updated to 1972) 14.06 
Tenure? Tenure squared (X107?) 2.815 
Second Mar Current marriage at least second .105 
3) Environment 
Relatives Whether close relatives live nearby 472 
Recent Move Whether family recently moved 176 
Connected Whether well connected with surrounding 

environment (index from 1 to 9; 9 is best) 6.33 
Nonurban Whether grew up outside urban area 695 
Divorce Laws Whether lives in state with no-fault divorce 

in 1972 242 
4) Tastes 
Rel Attend Frequency of religious attendance (1 = often) 525 
Baptist Whether Baptist .310 
Catholic Whether Catholic .210 
Jewish Whether Jewish 031 
Plan Ahead Whether plans ahead (index of 1 to 5; 

5 is worst) 2.80 
Horizon Index of planning horizon (index of 1 to 8; 

8 is most) 4.771 
Anger Index Whether gets angry often (index of 1 to 5; 

1 is easily) 3.96 
Trust Index Whether trusts people (index of 1 to 5; 

1 is most people) 2.35 
Future Whether thinks about future (index of 1 to 5; 

1 is all the time) 3.19 
Recreation Type of recreational activity (1 is for productive, 

energetic activities, 0 for passive activities) 765. - 
5) Economic Variables 
Wage Wife’s wage rate (for those who work) 2.293 
Labor Force Part Wife’s labor force participation in 1972 Survey 572 
Worked 68-69 Wife’s labor force participation (0 if not worked 

in 1968-69, 0.5 if worked in 1968 or 1969, 

1.0 if worked both years) 470 
Unemp Rate: County unemployment rate (midpoint of brackets) 5.39 


Note: Dichotomous variables, unless otherwise noted, are 1 if yes, 0 if no. 
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divorce probabilities. Whether such variables 
can be considered exogenous in our model is 
debatable. If one believes that the major 
source of randomness in the model is perma- 
nent unobservable differences in tastes or 
constraints across households, then past 
labor supply or fertility decisions are corre- 


lated with the current error term and these 
variables should not. be included. On the 
other hand, if one believes that random in- 
fluences on households are not strongly cor- 
related over time, then past fertility and 
labor force events can be included as exoge- 
nous variables. We take an agnostic stance 
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on this issue by estimating two versions of 
the model, one with variables on children 
and labor force participation from 1968 to 
1969 (four years before the 1972 survey) and 
one without such variables. 

Table 3 compares selected variables for 
families who subsequently divorced, and for 
those who remained married through the 
1970’s, Average annual hours of work are 
higher for women who subsequently sep- 
arate, owing mainly to their higher labor 
force participation rate. Conditional on 
working, annual hours of work between the 
two groups are similar; 1251 hours for wives 
in the separated sample, and 1241 for the 
sample that did not separate. There is little 
difference in work hours for the husbands. 
Couples that divorce tend to be about 3.5 
years younger than those who do not, reflect- 
ing both cohort effects and the negative effect 
of marital tenure. Nevertheless, the sep- 
arated sample represents a reasonably ma- 
ture group Of families, with an average wife’s 
age at separation of about 36 years. 

The two groups differ little by educational 
level or by residence in states with no-fault 
divorce laws. Families that subsequently di- 
vorced were more likely to have lower in- 
comes net of wife’s earnings, and more likely 
to be nonwhite, on their second marriage, 
and have lower marital tenure. Finally, while 
there is no difference between the two groups 
in the proportion having children under age 
3 in 1968, families who separated were more 
likely to have their youngest child between 
age 3 and 8 in 1968 than those families that 
did not. 

As explained in Section II, the first step of 
the estimation procedure is to estimate two 
reduced-form probit equations explaining 
future divorce and current labor force par- 
ticipation. The second-stage labor supply 
equation then uses the predicted divorce 
probabilities in the estimation of equation 
(1), while the second-stage divorce probit 
equation uses the predicted labor force par- 
ticipation in the estimation of (3). 

The theoretical labor supply model in- 
cludes variables such as age, education, race, 
family income less the wife’s earnings, the 
county employment rate, and the state- 
specific divorce laws as explanatory vari- 
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TABLE 3—- MEANS AND STANDARD DEVIATIONS OF 
SELECTED VARIABLES IN 1972 
BY SUBSEQUENT MARITAL STATUS* 


Separated Not Separated 


1973-78 1973-78 

Variable Mean Mean 

Annual Hours (wife) 836 696 
(828) (830) 

Labor Force Part (wife) 0.668 0.561 
(0.472) (0.496) 

Worked 68-69 (wife) 0.543 0.461 
(0.441) (0.443) 

Annual Hours (husband) 2178 2242 
(736) (653) 

Age (wife) 32.86 36.49 
(7.33) (9.99) 

Age (husband) 35.89 39.26 
(8.65) (10.26) 

Education (wife) 11.86 11.69 
(2.45) (2.74) 

Education (husband) 11.45 11.48 
(3.18) (3.64) 

Income less Wife’s Earnings 10,137 11,695 
(5,593) (7,619) 

Divorce Laws 0.246 0.241 
(0.432) . (0.428) 

Tenure of Marriage 10.26 14.51 
(6.55) (9.31) 

Second Marriage 0.150 0.099 
(0.358) (0.299) 

Race 0.385 0.258 
(0.488) (0.437) 

Infant 0.369 0.263 
(0.484) (0.441) 

Child 0.342 0.346 
(0.476) (0.476) 


N of Cases 187 1599 


*Standard deviations are shown in parentheses. 


ables. The psychological, religious, and mar- 
ital tenure variables are thought not to affect 
labor supply decisions, thereby overidentify- 
ing the structural labor supply equation. We 
test these overidentifying restrictions later in 
this section. The county unemployment rate 
is assumed to affect only labor supply deci- 
sions, identifying the divorce equation." 


UStrictly speaking, the nonlinear transformation of 
the exogenous variables in the reduced-form labor force 
participation probit equation identifies the divorce 
equation, so even the country unemployment rate is not 
necessary for identification. 
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TABLE 4— REDUCED-FORM AND STRUCTURAL DIVORCE Prosit EQUATIONS, 1972° 


Reduced-Form 


Variable Coefficient 
Age (wife) — 0.0001 (0.01) 
Age (husband) 0.0059 (0.55) 
Educ (wife) 0.0265 (1.25) 
Educ (husband) — 0.0013 (0.07) 
Income (X107*) — 0.0558 (0.65) 
Race 0.2062 (1.77) 
Relatives — 0.2183 (2.20) 
Recent Move 0.1256 (1.13) 
Disabled 0.4195 (2.95) 
Horizon 0.1125 (2.72) 
Connected — 0.0156 (0.50) 
Tenure 0.0217 (0.73) 
Tenure? ~ 0.0018 (1.85) 
Second Mar — 0.0620 (0.34) 
Anger Index ~ 0.0026 (0.10) 
Trust Index 0.0362 (1.23) 
Future — 0.0187 (0.45) 
Recreation — 0.0724 (0.70) 
Religious Attend — 0.4232 (4.33) 
Baptist 0.2328 (2.15) 
Catholic 0.0011 (0.01) 
Jewish ~ 0.4642 (1.36) 
Nonurban — 0.1642 (1.69) 
Plan Ahead 0.0233 (0.94) 
Divorce Laws — 0.0783 (0.76) 
Infant 0.2096 (1.72) 
Child 0.1218 (0.99) 
Worked 68~69 0.2394 (2.32) 
Labor Force Part 

Unemp Rate 0.0081 (0.33) 
Constant — 2.1470 (4.18) 
N of Cases 1786 
Log-Likelihood — 531.03 

R? 0.076 


Structural Model 
Actual Labor Part. Predicted Labor Part. 

Coefficient Coefficient 

— 0.0007 (0.06) — 0.0006 (0.06) 
0.0068 (0.63) 0.0076 (0.65) 
0.0226 (1.06) 0.0144 (0.33) 

— 0.0006 (0.04) . ~ 0.0015 (0.09) 

— 0.0447 (0.52) — 0.0226 (0.17) 
0.2068 (1.77) 0.1833 (1.33) 

—0.2113 (2.12) — 0.2024 (1.85) 


0.1248 (1.12) 0.1240 (1.11) 
0.4137 (2.91) 0.3890 (2.19) 
0.1109 (2.68) 0.1069 (2.43) 

—0.0170 (0.55) —0.0157 (0.51) 
0.0243 (0.82) 0.0238 (0.78) 

—0.0018 (1.93) — 0.0018 (1.88) 

— 0.0499 (0.27) — 0.0324 (0.16) 

— 0.0016 (0.06) 0.0014 (0.05) 
0.0360 (1.22) 0.0349 (1.17) 

—0.0100 (0.41) — 0.0122 (0.50) 

—0.0721 (0.70) — 0.0937 (0.74) 

— 0.4229 (4.32) ~ 0.4193 (4.22) 
0.2195 (2.03) 0.2113 (1.71) 
0.0044 (0.03) 0.0223 (0.16) 

—0.4771 (1.39) — 0.4812 (1.39) 

— 0.1631 (1.67) — 0.1651 (1.70) 
0.0232 (0.93) 0.0197 (0.71) 

— 0.0773 (0.75) — 0.0603 (0.48) 
0.2175 (1.78) 0.2409 (1.52) 
0.1198 (0.97) 0.1177 (0.95) 


0.1803 (1.63) 
0.1334 (1.34) 


0.0263 (0.04) 
0.4541 (0.31) 


— 2.1497 (4.29) — 2.1802 (3.95) 
1786 1786 
— 530.18 -531.03 
0.076 0.076 





3 The t-statistics are shown in parentheses. 


We first turn to the analysis of divorce 
probabilities. Table 4 presents the reduced- 
form and two structural divorce equations. 
The first structural equation uses actual 1972 
labor force participation, while the second 


uses a fitted value for labor force participa- ` 


tion estimated in an unreported reduced-form 
probit equation. There is little difference be- 
tween the three equations with respect both 
to coefficients and to predictive properties. 
The coefficients in the divorce probit 
equations can be converted to probability 
differences by a linear expansion of the nor- 
mal distribution around the mean value of 


separation (a conversion factor of 0.2). Age 
or education of either the husband or the 
wife has little effect on divorce probabilities. 
The coefficient on race suggests that non- | 
whites have a higher divorce rate by ap- 
proximately 4 percentage points, although 
the estimate is insignificant in the structural 
equation. The presence of nearby relatives 
reduces the probability of divorce by 4 per- 
centage points, while being disabled in- 
creases the probability by nearly 8 per- 
centage points. 

The coefficients for tenure and tenure? 
suggest that the length of the marriage has at 
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first a positive, and then a negative effect on 
the chance of separation, with the maximum 
probability of divorce coming after ten years. 
Living in a nonurban area leads to a 3 
percent lower probability of divorce but this 
coefficient is barely significant. Frequent re- 
ligious attendance significantly reduces the 
chance of separating by approximately 8 
percentage points. The particular religion is 
less important, although Baptists appear to 
have a higher and Jews a lower probability 
of separation. The presence of no-fault di- 
vorce laws is insignificant and reduces, rather 
than increases, the chance of separation.!? 
Finally, both the fitted and the actual value 
of labor supply participation in the struc- 
tural model have positive but insignificant 
effects on the probability of divorce. 

Despite the low overall explanatory power 
of these three equations, the coefficients sug- 
gest substantial objective differences in ex- 
pectations about divorce among families. For 
example, if we take two families otherwise 
alike, except that the first family does not 
attend church, has no relatives living nearby, 
lives in an urban area, and has a small child 
in the family, they will be 150 percent more 
at risk of separating in the next six years. 

Turning to the analysis of women’s labor 
supply, we present five Tobit equations on 
wife’s hours of work in Table 5. The first 
equation uses a dummy for actual divorce 
with the limited set of variables and the 
second uses the fitted divorce probability 
with the same variables. They indicate that 
while age has little effect on labor supply, 
the wife’s education has a strong positive 
effect on labor force participation and work 
hours. Nonwage income reduces labor supply 
by a significant degree (a $5000 increase in 
nonwage income reduces the probability of 
work by 6 percent, or reduces work hours by 
200 hours). The unemployment rate has a 
negative effect, while being nonwhite has a 
positive effect on participation and hours of 
work. The no-fault divorce variable in the 
Tobit equations suggests a negative effect on 


12 Peters also finds no significant effect of divorce 
laws on divorce probabilities. 
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labor supply in contrast to Peters’ finding of 
a positive effect. Finally, both actual divorce 
and the probability of divorce have a posi- 


tive though insignificant effect on work 


hours; the coefficient on divorce probability 
in column 2 translates to a change in labor 
force participation of 1.8 percentage points 
for each 10 percentage point rise in the 
probability of divorce.! 

The third column in Table 5 presents the 
Tobit equations with the extended set of 
variables, including the presence of children 
and previous labor force participation. The 
divorce variable is also interacted with previ- 
ous labor force participation to reflect dif- 
fering returns to on-the-job experience. Since 
82 percent of the women who had been 
working during 1968-69 continued to work 
during 1972, we hypothesize that divorce 
probabilities may have a differential effect 
on their work effort relative to the women 
who had never worked. Women without pre- 
vious work experience may have the most to 
gain from accumulating marketable human 
capital. 

Including work experience and children 
should provide a stronger test of our hy- 
pothesis since the probability of divorce 
would be likely to have affected past work 
and fertility behavior as well as current labor 
supply. As expected, both the third and 
fourth columns indicate that the presence of 
small children and past labor force experi- 
ence strongly affect current labor supply. 
The coefficients on actual divorce (col. 3) are 
positive and are significant at the 0.01 level, 
while the interaction between past labor force 
participation and divorce is significantly 
negative and of a similar magnitude. These 
coefficients taken together imply that divorce 
affects labor supply for women with weak 
past work experience. 

The estimated effect of marital separation 
on participation and hours of work is larger 
when the predicted (col. 4) rather than the 
actual (col. 3) divorce variable is used. The 


13 The divorce probabilities here were computed from 
an unreported reduced form on the limited set of vari- 
ables. 
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TABLE 5— NORMALIZED COEFFICIENTS OF TOBIT LABOR SUPPLY EQUATIONS, 1972° 
Extended Model 
Limited Extended Fully Interacted 
Variable x 
Actual Fitted Actual Fitted Variable Pr Divorce 
(1) 2) 8) (4) (5) . 6) 
Age (wife) 0.0059 0.0071 0.0016 0.0043 0.0031 0.0531 
(0.88) (1.05) (0.24) (0.62) (0.26) (0.66) 
Age (husband) —0.001 — 0.0013 — 0.0049 — 0.0058 0.0006 — 0.0361 
(0.16) (0.20) (0.74) (0.88) (0.05) (0.50) 
Educ (wife) 0.0765 0.0749 0.0614 0.0594 0.0328 0.1886 
(6.36) (6.17) (4.99) (4.79) (2.18) (1.25) 
Educ (husband) 0.0075 0.0076 0.0093 0.0093 0.0328 — 0.2107 
(0.78) (0.79) (0.94) (0.94) (2.11) (1.69) 
Income (X107*) — 0.338 — 0.3344 — 0.2655 —0.2550 —0.1892 — 0.8878 
(7.54) (7.44) (5.73) (5.46) (2.99) (1.45) 
Unemp Rate — 0.0437 — 0.0439 — 0.0218 — 0.0237 — 0.0044 —0.1875 
(3.05) (3.05) (1.49) (1.62) (0.19) (1.23) 
Race 0.2085 0.1885 0.2148 0.1854 0.3645 — 1.3765 
(3.29) (2.82) G.31) (2.73) (3.14) (1.94) 
Divorce Laws — 0.1426 — 0.1427 — 0.1397 —0.148 ~O.1151 — 0.2502 
(2.34) (2.34) (2.26) (2.39) (1.13) (0.34) 
Prob of (or 0.1438 0.464 0.4255 2.0351 4.6146 
actual) Divorce (1.74) (1.29) (3.14) (3.60) (1.72) 
Infant — 0.2821 — 0.3031 —0.3718 0.3013 
(4.02) (4.22) (2.94) (0.35) 
Child — 0.0659 — 0.0663 0.0452 | —1.103 
(1.06) (1.05) (0.46) (1.40) 
Work 68-69 1.2519 1.4241 1.4407 — 2.565 
(18.95) (14.65) (14.65) (3.59) 
Work X Divorce — 0.5651 — 2.4309 
(2.99) (3.45) 
Constant — 0.3192 — 0.3699 — 0.5188 — 0.6878 — 0.9925 
(1.58) (1.76) (2.36) (3.03) (2:89) 
R? 0.068 0.069 0.230 0.233 0.238 
Effect of .1 Divorce : 
Increase on 0.005 0.018 0.008° 0.034? 0.033" 
Participation (hours) (18) (58) (22) (97) (92.2) 


Absolute values of t-statistics are shown in parentheses. 


> Divorce variables jointly significant at the 0.01 level. 


coefficient on divorce rises to 2.03, and is 
highly significant.'4 This coefficient indicates 


14 Second-stage standard errors are biased downward 
because they are not adjusted for the fact that predicted 
probabilities are estimated with error by the first-stage 
procedure. The standard adjustment procedure, as de- 
scribed by Kevin Murphy and Robert Topel (1985) 
assumes that all of the error in the first-stage estimates 
is the error of the econometrician, not of the economic 
agent. However, in this case, the couple does not know 
with certainty whether they will divorce when they 
choose labor supply. Thus it is only to the extent that 
the couple’s subjective probability explains more than 
our probit estimates that the standard errors are biased 
downward. 


that a .10 rise in the probability of divorce 
will lead to a .076 increase in labor force 
participation, or an increase of 123 annual 
hours of work for women who had no previ- 
ous work experience. Once again, however, 
the interaction term between work experi- 
ence and divorce suggests that the probabil- 
ity of divorce will have no effect on labor 
supply of women with previous experience. 
The final two columns in Table 5 present 
the coefficients for a completely interacted 
regression equation. The interactions of di- 
vorce with previous labor force participa- 
tion, and with race, are both negative and 
significant. These coefficients suggest that the 


i on 
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effect of divorce on labor supply is minimal 
or even negative for women either with past 
work experience or who are nonwhite. (We 
explore these behavioral differences further 
in Table 7 by separating the sample by race 
and by previous work experience.) The effect 
of an 0.10 increase in the probability of 
divorce for the combined sample is either a 
3.3 percentage point increase in labor force 
participation, or a 92.2 hour yearly rise in 
labor supply. 

The first six columns of Table 6 provide 
the coefficients for equations analogous to 
Table 5 but estimated using probit. The effect 
of actual divorce on labor force participation 
using the limited set of variables (col. 1) is 
significant, although the predicted effect of a 
10 percentage increase in divorce is only 0.8 
percent. Using predicted divorce in the 
limited model indicates a larger but insignifi- 
cant effect of marital separation on labor 
supply. Turning next to the extended model 
with either actual (col. 3) or predicted (col. 
4) divorce, the coefficient is positive and 
significant, with the coefficient on predicted 
divorce (1.542) roughly three times the 
coefficient for actual divorce (.443). One ex- 
planation for :this difference might be that 
our estimated. divorce probabilities measure 
true (subjective) divorce probabilities with 
less noise than actual subsequent divorce. 
The actual divorce variable would then in- 
troduce measurement error, causing a poten- 
tial downward bias in its coefficient. For the 
entire sample of women, the estimated effect 
of a 10 percentage point change in divorce 
probabilities is 2.7 percentage points of labor 
force participation using the predicted values 
in column 4. 

The fully interacted model of columns 5 
and 6 shows significant negative interactive 
effects with race and previous work experi- 
ence, and significant positive effects with the 
wife’s education, with the interactive coeffi- 
cients jointly significant at the 0.05 level. 
Finally, the last column in Table 6 presents a 
least squares regression for hours of work on 
the sample of women who worked in 1972, 
We adjust for selection bias by calculating 
an inverse: Mills ratio from the reduced-form 
labor force participation equation, and use 
the log of her wage rate as an additional 
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variable in the equation. The effect of di- 
vorce is substantial; a rise of 0.10 in divorce 
probabilities is predicted to increase work 
hours by 126.6 hours. However, the interac- 
tive term with past labor force experience 
indicates that potential divorce affects only 
women who have begun work in recent years. 
For those’ who had worked in the past, the 
effect is inconsequential. 

Using the procedure described by Jerry 
Hausman (1978), we can test for the ex- 
ogeneity. of the divorce probability by in- 
cluding both the actual and the fitted value 
of divorce in the labor supply Tobit and 
probit equations. The test is whether pre- 
dicted divorce and its interaction with past 
labor supply are jointly significant. While 
the coefficients are significant at the 0.05 
level in the probit specification, the corre- 
sponding Tobit coefficients are not signifi- 
cant. Thus there is mixed evidence that 
divorce is endogenous, although the coef- 
ficients in Table 4 provide little support for 
the hypothesis that labor supply affects di- 
vorce. 

A test of the overidentifying restrictions 
on the labor supply equation may be pro- 
vided by comparing the performance of the 
Structural equation with and without the ex- 
cluded exogenous variables.! Under the null 
hypothesis of correct specification, the ad- 
dition of the excluded variables should not 
appreciably affect the explanatory power of 
the equation. In the case of our labor supply 
probit equation, we find the null hypothesis 
rejected at the .10 level, but not at the .05 
level using a standard likelihood-ratio test. 
In particular, two excluded variables are 
significant (recreation and whether plans 
ahead). Thus, the overidentifying restrictions 
do not seem to be seriously violated in this 
model, although the results may suggest a 
role for psychological variables in labor 
supply that economists typically ignore. 


15Standard tests of overidentifying restrictions exist 
for linear models, but the nonlinear analogues are less 


. Straightforward (Hausman, 1983, p. 444). We are in- 


debted to Whitney Newey for suggesting the test pre- 
sented here. 
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TABLE 6—-PROBIT AND OLS LABOR SUPPLY EQUATIONS, 1972 








Limited 
Actual Fitted Actual 
(1) (2) (3) 
Age (wife) 0.0062 0.0071 0.0017 
(0.79) (0.89) (0.20) 
Age (husband) — 0.0063 — 0.0062 — 0.0087 
(0.82) (0.82) (0.07) 
Educ (wife) 0.0917 0.0903 0.0804 
(6.38) (6.24) (5.17) 
Educ (husband) 0.0023 0.0023 0.0044 
(0.20) (0.21) (0.36) 
Income (X 1074) —0.3156 — 0.3129 — 0.2453 
(6.17) (6.10) (4.40) 
Unemp Rate — 0.0417 — 0.0416 — 0.0224 
(2.45) (2.44) (1.22) 
Race. 0.1429 0.1246 0.1322 
(1.89) (1.55) (1.61) 
Divorce Laws —0.1463 — 0.145 — 0.1634 
(2.03) (2.01) (2.12) 
Prob of (or 0.2081 0.4912 ` 0.4431 
actual) Divorce (2.03) (1.13) (2.82) 
Infant — 0.253 
; (2.89) 
Child f ~ 0.0081 
(0.10) 
Work 68—69 1.4041 
(17.11) 
Work X Divorce — 0.622 
(2.58) 
Log( Wage) ‘ 
Inv. Mills Ratio 
Constant — 0.3266 —0.3743 ` —0.6801 
(1.37) (1.51) (2.46) 
Log-Likelihood 
or (R?) —1163.3 — 1164.7. — 983.99 
Effect of .1 Divorce 
Divorce Increase 
on Part. (hours) 0.008? 0.019 0.006” 











Extended 
Fully Interacted 
Variable Fitted 
Fitted Variable X Pr Div. OLS 
(4) (5) © (7) 
0.0042 — 0.0028 0.0430 2.52 
(0.50) (0.20) (0.41) (0.40) 
— 0.0093 — 0.0030 — 0.0260 2.53 
(1.15) (0.2) (0.28) (0.42) 
0.0784 0.0341 0.4900 6.50 
(5.01) (1.43) (2.46) (0.76) 
0.0045 0.0454 — 0.3943 3.04 
(0.37) =~ (2.30) (2.33) (0.20) 
— 0.2387 —0.1512 — 1.4023 — 154.99 
(4.25) (2.01) (1.76) (3.11) 
— 0.0233 0.0070 — 0.3069 ~ 18.87 
(1.27) (0.24) (1.43) (1.46) 
0.1016 0.3482 — 2.0375 161.82 
(1.18) (2.38) (2.13) (2.71) 
— 0.1704 — 0.2282 0.6304 '— 51.81 
(2.21) (1.82) (0.65) ` (0.90) 
1.5423° 4.204 1266.20 
(2.36) (1.19) (2.28) 
— 0.272 — 0.3073 — 0.0397 — 165.54 
(3.04) - (1.99) ` (0.03) (2.28) 
— 0.0109 0.116 — 1.3747 — 85.17 
(0.14) (0.93) (1.25) (1.59) 
1.5026 1.5099 — 1.8167 429.35 
(12.37) (12.22) . (1.97) (2.26) 
— 1.7887 - _  — 1385.00 
(2.01) (2.15) 
73.05 
(1.99) 
50.72 
(0.28) 
— 0.8089 — 1.1356 809.18 
(2.84) (2.62) (3.95) 
.— 985.32 974,22 (0.09) 
0.027° 0.033° (37.7) 





* Divorce variables jointly significant at the .05 level. 


? Divorce variables jointly significant at the .01 level. Absolute value of t-statistics in parentheses. 


The significant interaction terms for race 
and past labor force experience suggest that 
the prospect of marital separation may have 
different effects on subgroups of women. To 
relax the assumption that other variables 
equally affect labor supply for each group, 
we estimate separate regressions for whites, 
nonwhites, those with past work experience, 
and those without past work experience, with 


the results presented in Table 7. The coeffi- 
cient on predicted divorce for whites is 3.068, 
with a f-statistic of 3.79, while the coefficient 
for nonwhites is 1.814, with a t-statistic of 
2.08. The interaction term with past labor 
force participation is strongly negative; for 
blacks, the effect of divorce on labor supply 
conditional on. having worked in 1968-69 is 
— 1.86. The predicted effect of 0.10 increase 
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TABLE 7— TOBIT REGRESSIONS BY RACE AND PREVIOUS WORK EXPERIENCE, 1972° 
1968-69 
Whites Nonwhites Worked Did Not Work 
Age (wife) — 0.0076 0.0134 0.0139 ~ 0.0074 
(0.87) (1.87) (1.24) (0.66) 
Age (husband) 0.0075 — 0.0198 0.0064 — 0.0188 
(0.89) (1.82) (0.62) (1.69) 
Educ (wife) 0.0686 0.0506 0.0432 0.0823 
(4.36) (2.45) (2.33) (3.46) 
Educ (husband) 0.0119 0.0082 0.0008 0.0151 
(0.92) (0.52) (0.05) (0.87) 
Income (x107*) — 0.2307 — 0.4463 — 0.3003 ~ 0.1849 
(4.54) (3.32) (3.95) (2.45) 
Unemp Rate — 0.0306 —0.0211 — 0.0529 — 0.0134 
(1.81) (0.70) (2.33) (0.52) ` 
Race . 0.206 0.1694 
(2.02) (1.39) 
Divorce Laws — 1.087 — 0.2349 — 0.3409 — 0.0987 
(1.51) (1.89) (3.59) (0.89) 
Probability of Divorce 3.068 1.8142 0.1692 1.169 
(3.79) (2.08) (0.32) (1.68) 
Infant — 0.4687 — 0.0602 ~ 0.0855 — 0.6324 
(5.38) (0.45) (0.74) (5.02) 
Child ~ 0.0446 — 0.1033 0.0174 — 0.077 
(0.62) (0.80) (0.18) (0.71) 
Work 68~69 1.3346 1.8597 
i (11.71) (8.63) 
Work X Divorce — 2.7007 — 3.6809 
(2.72) (3.18) 
Constant ~ 0.9134 — 0.1953 0.4973 — 0.177 
(3.36) (0.45) (1.48) (0.42) 
R? 0.234 0.257 0.074 0.135 
Effect of .1 Divorce 
Increase on 0.078 —0.002° 0.004 0.043 
Participation (hours) (75.6) (—2.5) (3.9) (57.5) 





“Absolute value of t-statistics are shown in parentheses. - 
_ P Divorce variables jointly significant at the 0.05 level. 
“Divorce variables jointly significant at the 0.01 level. 


in divorce probabilities on participation 
(hours) is 7 percent (75.2) for whites and 
~— .002 (— 2.5} for blacks. 

The last two columns in Table 7 present 
the labor supply equations by past labor 
force status. The effect of divorce either on 
participation or on hours of work is small 
and insignificant for those who had worked 
and larger but still insignificant for those 
who had not. 

Jacob Mincer and Solomon Polachek 
(1974; 1978) refer to a number of studies 
which find that human capital of more 
educated women depreciates more from dis- 


use than the human capital of less educated 
women. If future benefits from current 
market participation are higher for more 
educated women, we would expect to see a 
positive interaction between education and 
the coefficient on divorce probabilities. While 
the fully interacted probit equation in Table 
6 supports this hypothesis, a set of regres- 
sions run separately for high school and 
non-high-school graduates (regressions not 
reported) do not. For the high school 
graduates, the Tobit divorce coefficient is 
2.24 with a t-statistic of 3.14, while for non- 
high-school graduates, the estimated effect is 
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2.46 with a t-statistic of 2.54. In both regres- 
sions, the large negative interaction term with 
past work experience implies that the di- 
vorce probability affects work decisions of 
women with little previous work experience. 

The empirical results presented in this sec- 
tion support the hypothesis that divorce 
probabilities exert a substantial effect pri- 
marily on the labor supply of women with 
little past work, experience. For those who 
had worked in 1968-69, the probability of 
marital separation had a marginal or even 
negative effect on participation and work 
hours. The effect of divorce on participation 
and work hours was also larger for whites 
relative to blacks, The regressions in Table 4 
provide little support for a positive effect of 
labor force participation in 1972 on subse- 
quent divorce during 1973-78. However, a 
specification test rejects the null hypothesis 
that divorce is exogenous for the probit, but 
not the Tobit specification. 


IV. Conclusion 


We have found a significant effect of di- . 


vorce probabilities on the labor supply of 
married women. This finding lends support 
to the interpretation of the labor supply pat- 
tern described in Section I as one in 
which women, anticipating a higher prob- 
ability of separation, work more. There is 
little support for significant effects of labor 
force participation on divorce probabilities. 
One key assumption in these estimates is 
that the exogenous factors are not them- 
selves affected by unobservables. For exam- 
ple, if unobservable tastes affect women’s 
labor force participation, divorce, and, say, 
church attendance, then we might estimate a 
spurious effect of the predicted divorce rate 
on labor supply. Future research, with better 
data, might be able to clarify this issue. We 
have also left unexplained the extent to which 
the effect of actual divorce on female labor 
supply is an income effect of lost husband’s 
earnings, or caused by the loss in household 
specialization. The answer to this question is 
important in assessing the effect of public 
policies on divorced women. Finally, a more 
complete model of marriage and divorce 
would allow for bargaining strategies in de- 
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termining family labor supply and consump- 
tion (as in Marjorie McElroy and Mary Jean 
Horney, 1981), and a theory of why the 
marriages are formed in the first place. 

We can use our results to address the 
puzzling question of why female labor supply 
has risen substantially in the postwar era, a 
rise that cannot be entirely explained by 
standard economic factors (William Bowen 
and T. Aldrich Finegan, 1969; David Shapiro 
and Lois Shaw, 1983; James Smith and 
Michael Ward, 1985). The effect on women’s 
labor supply of higher divorce rates over 
time is twofold. The first, direct, effect is to 
increase the share of divorced women among 
all women, while the second is to increase 
the effect of higher divorce probabilities 
among married women. The results in this 
paper allow us to make rough calculations of 
the contributions of each of these effects to 
the overall rise in women’s labor force par- 
ticipation. 

Table 1 shows that the effect of actu- 
al divorce on the probability of participation 
is approximately 20 percentage points (from 
about .68 to about .88). Since the fraction of 
all women currently divorced rose from 2.3 
to 6.7 percent from 1960 to 1980, the direct 
effect of the rise in divorce is to increase 
women’s labor force participation by 0.8 
percentage points. We can compute the in- 
direct effect by using the results from the 
fully interactive Tobit or probit regressions. 
Since a marriage begun in 1970 has a 60 
percent higher divorce probability than a 
marriage begun in 1950 (Cherlin), a rough 
guess would be that a typical married wom- 
an in 1980 faced a 60 percent higher chance 
of divorce than her counterpart in 1960. 
Assuming that the same growth rate applies 
to our measure of divorce risk,'® the rise in 
divorce probabilities between 1960 and 1980 
implies, using the estimates of the extended 
model, an increase in female labor force 
participation of roughly 1.8 percentage 
points. Altogether the rise in divorce rates 
from 1960 to 1980 may explain up to 2.6 


16This is a conservative calculation since the annual 
divorce rate more than doubled between 1960 and 1980. 


VOL. 76 NO. 3 


percentage points of the overall 15 percent 
rise in women’s labor force participation in 
that period. Since roughly half of this overall 
rise ‘has been explained by previous cross- 
sectional studies, the change implied by our 
finding may account for one-third of the 
remaining unexplained increase in labor 


supply. 
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Evaluating the Effects of Optimally Distributed Public Programs: 
Child Health and Family Planning Interventions 


By MARK R. ROSENZWEIG AND KENNETH I. WOLPIN* 


Considerable public resources in both high- 
and low-income countries are devoted to the 
subsidization of fertility control and health 
investments. The effects of these programs 
are thus of some concern, and social scien- 
tists have devoted attention to the evaluation 
of these programs. Most evaluation studies 
(see, for example, Albert Hermalin, 1972; 
Mohammad Khan and Ismael Sirageldin, 
1979; Rosenzweig and T. Paul Schultz, 1982; 
and our 1982 article) have essentially com- 
pared the variation in measures of the inten- 
sity of program effort across localities with 
the corresponding interarea variation in 
fertility and health. Little or no attention has 
been paid to the causes of the cross-area 
variability in the levels of such programs. 
Yet, if the allocation of public health and 
family planning services or subventions 
across localities is systematically related to 
factors determining fertility and health out- 
comes that are known to subsidy providers 
but unobserved by researchers, such cross- 
sectional estimates will produce misleading 
conclusions about program effectiveness. 

To assess the biases in cross-area estimates 
of program effects and to formulate ap- 
propriate estimation strategies for such pro- 
gram evaluations requires an understanding 
of the rules by which subsidies are allocated 
and financed, and by which agents adjust 
their behavior to such interventions. While 
there have been recent econometric advances 
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in the evaluation of training and income 
supplement programs in the presence of the 
self-selection of heterogeneous agents into or 
out of the programs (for example, Jerry 
Hausman, 1982; Nicholas Kiefer, 1979), there 
has been less interest in questions concerned 
with the existence of actual public programs 
and their distribution across heterogeneous 
localities. Moreover, existing models of pri- 
vate agent behavior incorporating endoge- 
nous public resource allocations do not pro- 
vide much guidance for predicting how 
publicly financed human capital subsidies 
and, in particular, “family planning” subsi- 
dies are distributed among differentiated re- 
cipients. Altruism theories of public transfers 
(Harold Hochman and James Rodgers, 1969; 
Russell Roberts, 1984) would appear to sug- 
gest that the least-endowed receive the highest 
transfers, but such models provide no ration- 
ale for the use of subsidies to particular 
goods (“merit” goods). such as contracep- 
tives. Pressure group theory (Gary Becker, 
1983) suggests that groups that are (7) rela- 
tively small in number, (ji) have and can 
command resources for lobbying, and (iii) 
derive the greatest benefits from public 
transfers or interventions will receive the 
highest transfers. This model would appear 
to imply that the rich—small in number and 
with greater resources—rather than the poor 
would receive the highest fertility control 
subsidies, since, assuming that the poor have 
the largest families and face the same prices, 
they avert less births than the rich and thus 
benefit least from subsidies to fertility con- 
trol. 

While the well-documented existence of 
externalities from health associated with con- 
tagion and infection provides a Pigovian (and 
pressure group) rationale for the subvention 
of health investments among the low-health 
poor, the empirical and theoretical rationale 
for fertility control subsidization based on 
the existence of direct population exter- 
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nalities is less clear (Zvi Eckstein and Wol- 
pin, 1985). Moreover, since a birth from any 
source contributes equally to population 
growth, the existence of the most obvi- 
ous population externality, congestion, does 
not obviously provide a basis for selective 
subsidization of households by income or 
human capital endowments.’ A behavioral 
model of public health and family planning 
subsidies is needed. 

Empirical applications or tests of public 
allocation models have been scarce and have 
been principally concentrated in the area of 
agricultural policy (Joel Guttman, 1978; 
Wallace Huffman and J. A. Miranowski, 
1981; Huffman and Mark McNulty, forth- 
coming). Such studies have used the pressure 
or interest group framework, in which the 
size and resources of the subsidized group 
(farmers) are viewed as the principal de- 
terminants of the group’s subsidy. However, 
a fundamental weakness of this empirical 
literature is the implicit assumption that both 
a group’s membership and its resources are 
not themselves functions of the magnitude of 
the subsidy—for example, if net transfers to 
the farming sector increase, more persons 
may become (or remain as) farmers. These 
studies do not resolve the essential identifica- 
tion problem in program assessment by 
merely switching left- and right-hand side 
variables. Nor do they examine the distribu- 
tion of the transfer burden, or measure the 
magnitude or direction of the bias in evaluat- 
ing the contributions of research and exten- 
sion services to agriculture under the as- 
sumption that such programs are randomly 
allocated. . 

The possibility that subsidies to the specific 
activities of recipients alter the size of recipi- 
ent population provides a possible rationale 
for not only the subvention of population 


1 Given technological advances in contraceptive tech- 
nology, a rationale for the public dissemination of gen- 
eral contraceptive information may be warranted. How- 
ever, this does not necessarily justify subsidization of 
contraceptive devices or of person-specific contraceptive 
services. Moreover, as low-fertility households gain most 
from the acquisition of contraceptive information, dis- 
proportionate information provision to such households 
would appear to be implied by interest group theory. 
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control in the absence of direct population 
externalities or altruistic concern for family 
size per se, but also for the evident close 
correspondence between the distributions of 
public family planning and health program 
expenditures. In this paper we formulate and 
test an optimizing model determining the 
distribution of family planning and health 
subsidies across heterogeneous households, 
and assess the biases in cross-area estimates 
of the health effects of such subsidies due to 
public resource optimization. The model in- 
corporates both health externalities and the 
endogenous response of the size of the recipi- 
ent population to program subsidies. 

In Section I, the model is set out and 
implications are derived for the optimality of 
family planning and health subsidies, and for 
their joint distribution. In Section II, longitu- 
dinal data describing child health and pub- 
licly provided family planning and health 
programs in twenty barrios in Laguna Prov- 
ince in the Philippines are used to estimate 
the effects of such programs on child health 
and the relationships between the distribu- 
tion of the programs and preprogram health: 
levels, that is, the governmental allocation 
rules. Consistent with the model, we find that 
(i) dates of family planning and health pro- 
gram initiation across barrios are positively 
correlated, (ii) family size and health are 
gross substitutes’ among households and, in 
some barrios, family planning programs but 
not health programs are present; (iii) both 
programs were initiated earliest in the low- 
health barrios, and (iv) as a consequence, the 
positive and significant child-health effects of 
both the family planning and health pro- 
grams are completely obscured when no 
account is taken of the systematic associa- 
tions between program placement and pre- 
program health endowments. 


I. Modeling the Distribution of Health and 
Family Planning Subsidies 


A. Evaluating Subsidy Effects on Health 
Production Among Heterogeneous Households 


Consider a set of T low-income house- 
holds each residing in a different health 
environment. Each household i chooses a 
level of health for its children H', its family 
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size NÍ, and its consumption Z’, solving the 
following problem: 
(1) max U'= U(H', N}, ZÍ), 

where health production is described by the 
function 


(2) H'=h(X', N')+ p, 
hi >0, hix, hyy <0, 
subject to the full-income constraint 
(3) Fi= pyN'+(p,—si)(vi-N‘) 
+(p,— si) XINI + pZ’, 


where X'= per child health input; p’ = ex- 
ogenous, health environmental endowment; 
F' = full income net of taxes, if any; v 
potential fertility in the absence of an 
control; pg = price of good K, K = N, X, Z; 
P. = cost of fertility control or averted births; 
and s, and s} are per unit subsidies to 
fertility control and health inputs, respec- 
tively, provided in each health environment 
by a central “government” or donor.” 

The solution for each household’s average 
per child health net of the environmental 
effect, in terms of the exogenous variables 
unique to it, is 


(4) - Hi=H(si,si, F' p). 


Estimation of (4) to obtain the average effect 
of the subsidy s; on child health when yp’ is 
unobserved yields the estimate: 


aH aK aN! ( 4s; e 
an : 


j=x,c. 


?We assume that households do not move across 
localities. The consequences of the selective migration of 
agents in response to changes in local programs are 
considered in our paper (1984b). There it is demon- 
strated that the consequences for program evaluation 
from selective migration depend on the source of het- 
erogeneity— preferences and/or endowments—and on 
cross-price effects, as here. See fn. 8. 
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The true effect of a change in the subsidy s, 
on the health outcome is given by the first 
two terms in (5): the subsidy (price) effects 
on the health input provided to each child 
and on family size (the recipient population) 
weighted by their respective marginal health 
effects from (2). The third term in (5) is the 
bias which arises when the p’ are unobserved 
by the researcher and vary with the subsidy 
rates. Only if the subsidies are distributed 
independently of the p’, or, more generally, 
of any of ‘the parameters unique to each area 
which influence health investments, will the 
association between the subsidies and health 
net of observed variables provide unbiased 
estimates of subsidy effects. 

The sign of the bias in (5) will obviously 
depend on the allocation rules used by the 
agents who distribute the subsidies. If such 
agents follow a compensatory rule, for ex- 
ample, providing higher subsidies to less- 
endowed areas, then the subsidy effects 
obtained from (4), estimated, say, by least 
squares, will understate the true conse- 
quences of increasing the subsidy for any 
randomly chosen household; if such subsid- 
ies go to the better endowed, their effect will 
be overestimated. Consideration of the possi- 
bly systematic association between subsidies 
provided to agents and the environmental or 
other characteristics of the agents in the 
estimation of subsidy effects clearly yields 
better (policy-relevant) estimates of those 
effects. Moreover, such estimates also permit 
the testing of models of governmental re- 
source allocations, which should provide the 
rules by which public resources are distrib- 
uted among heterogeneous agents or local- 
ities, as well as a rationale for the particular 
set of instruments used to effect resource 
transfers, 


B. The Optimality of Family Planning 
and Health Subsidies and their Distribution 


To discern the distributional patterns of 
subsidies to fertility control and health 
among households behaving as described 
above in the absence of any arbitrarily as- 
sumed direct population externality, consider 
a wealthy household having the same objec- 
tive function as in (1), but facing a health 
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externality. In particular, let the technology 
of health production for the well-off house- 
hold be 


(6) H=h(X,N,H*) hy, hy» > 0, 


where H* is the mean health of the children 
in the T low-income households, that is, 


T 
(7) H*= J} ahi, 
i=l 


where a! = N'/(ŒT_,N') and max (H') < H. 
Thus, while the health of the well-off children 
depends on the mean health of the children 
of the poor, there is no direct fertility exter- 
nality. As in altruism models, the externality 
is asymmetric—poor households do not con- 
sider or are not affected by the consumption 
set of the “donor” household.’ 

. Assume that the wealthy household can 
observe all the health endowments, but can- 
not tax fertility directly (si > 0).4 If each 
household’s fertility control and health ex- 
penditure can be differentially subsidized, 
the budget constraint for the wealthy house- 
hold is 


(8) G=PyN+ p.(v—N)+ p,XN + p,Z 
+ Ysi(1+ oioi- Ni) 


+ Yisi(it of) XIN’ 


3The implications of the model are not sensitive to 
the assumption that the health of children in poor 
families is affected by the mean health levels of all poor 
households. Note also that the model yields essentially 
equivalent results if the wealthy household is char- 
acterized by an altruistic concern for the (mean) health 
of children from poor households. We prefer to specify 
the technological health externality, since there is direct 
evidence of its existence and importance. 

4If only health outcomes (not endowments) are ob- 
served, potential recipients of subsidies may engage in 
“gaming” behavior, withholding resources allocated to 
health in order to increase the transfers to them. We 
believe, however, that the discrepancy between informa- 
tion held by researchers and subsidy providers with 
respect to the spatial variability in exogenous health 
conditions is the more important information asym- 
metry. 
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where G = full income of the high-income 
household and 6! and @! are the losses in 
subsidy transfers to the ith household associ- 
ated with transaction costs (waste, graft). In 
this setup, the transfer scheme is politically 
feasible, since the majority of households 
(the poor) and possibly: all households are 
potentially better off. The questions are: (i) 
Under what conditions will the wealthy 
household subsidize health and/or fertility 
control (when there is no population exter- 
nality)? (ii) How will the subsidies, if war- 
ranted, be distributed among the poor 
households? 

Maximization of the wealthy household 
utility function subject to (6), (8), and the 
price-taking behavior of the poor house- 
holds, as described by model (1) through (3), 
yields equilibrium conditions for the distri- 
bution of subsidies across households (see 
the Appendix). These indicate that there are 
four sources of potential benefits to the donor 
households from fertility control subvention 
when a health externality is present. The first 
arises from the existence of cross-price 
effects: raising the fertility control subsidy 
increases health if fertility and child health 
are gross substitutes. A second potential 
source of gain exists if there is a direct, 
negative biological effect of family size on 
child health, through (2), in poor households.’ 
A third benefit, which does not depend on 
either the particular preferences of house- 
holds or the health technology, is the “eradi- 
cation” effect of fertility control—decreases 
in the size of families with below-average 
child health (H'< H*) increase the mean 
health of the poor households; family plan- 
ning subsidies provided to the lowest-health 
households thus increase the health of the 
wealthy households via the health external- 


>The evidence on the biological effect of family size 
or birth order on child health suggests that such a 
linkage provides little justification for subsidization of 
fertility control on health grounds. In Rosenzweig and 
Schultz (1983), birthweight is found to significantly in- 
crease with increasing birth order; in our paper (1984a), 
little or no relationship is found between birth order and 
birthweight, although longer (prior) birth intervals in- 
crease birthweight. Both of these studies take into 
account in estimation the existence of heterogeneity in 
health endowments. 
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ity. The fourth source of gain from the fertil- 
ity control subsidy also is independent of 
preferences or technology. It arises whenever 
there is also a positive health subsidy, be- 
cause of the interaction between family size 
and per child health expenditures in the 
“governmental” budget constraint (8)—an 
increase in the family planning subsidy to 
household i which lowers family size in i by 
one child saves the subsidizing agent the 
amount si X’. The cost of increasing the 
family planning subsidy depends positively 
on the number of births averted by the ith 
household and on the magnitude of transac- 
tion costs, and varies inversely with the mag- 
nitude of the own-fertility control elasticity. 

The gain to the donor from subsidizing the 
health expenditures of household i depends 
positively on the magnitudes of the health 
externality and of the ith household’s own- 
price elasticity of the health input X, but 
does not depend directly on the size of the 
fertility control subsidy. However, the cost of 
increasing the health subsidy to household i 
depends on the number of averted births in i 
(on i’s family size) and thus indirectly on the 
household’s ability to control family size. 

These results imply that (7) when the health 
externality is sufficiently large to justify a 
health subsidy, the existence and magnitude 
of the family planning subsidy will be posi- 
tively related to the size of the health subsidy 
—when both are used, family planning and 
health subsidies will be positively correlated, 
(ii) when cross-price effects and direct family 
size-health interactions are absent, family 
planning subsidies will be optimal only if 
health subsidies are optimal; and (iii) family 
planning subsidies will therefore be optimal 
in the absence of health subsidies only if 
health and family size are gross substitutes 
(or increases in family size directly lower 
health). 

It can be shown that in the case in which 
fertility control but not health subsidies are 
present, sufficient (but not necessary) condi- 
tions for larger family planning subsidies to 
be provided to /ow-endowment households 
(compensatory subsidization) are that (7) 
fertility and health are gross substitutes 
(dX/dp, <0, dN/dp,.> 0), and (ii) dX'/dp! 
<0; that is, more-endowed households in- 
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vest less in health. In that case, the returns to 
further health investments will be smaller in 
high- than in low-y households and high-p 
households will have at least as many averted 
births (at least as high family planning sub- 
sidy costs) as low-u households (see the Ap- 
pendix). When strictly positive health and 
family planning subsidies are jointly optimal, 
the magnitudes of the subsidies will also 
generally depend on the differing health en- 
dowments of the recipient households. More- 
over, the direction of the endowment-subsidy 
association is likely to be identical for both 
the family planning and health subsidy. 
However, unlike in the single-subsidy case, 
no simple sufficient condition regarding 
household-demand relationships determines 
the sign of the associations between the two 
subsidies and the health endowments. Even 
in the simple optimizing model adopted here, 
it is difficult to assess a priori the biases in 
the evaluation of family planning and health 
programs. 


H. Empirical Application: Laguna Province 


A. The Data and the Distribution 
of Government Facilities 


We have shown that the effects of govern- 
ment interventions on per child health within 
a family are incorrectly estimated if the dis- 
tribution of those interventions is influenced 
by the health predispositions of households, 
associated with endowments or tastes, that 
are unobserved by the researcher. In order to 
correctly assess the impact of government 
programs designed to influence health out- 
comes and to discover the government place- 
ment rules, it is thus necessary either to 
estimate or to measure preprogram hetero- 
geneity in health outcomes. We will attempt 
to obtain consistent estimates of both the 
health effects of governmental family plan- 
ning and health facilities, and of facility 
placement rules based on longitudinal data 
describing the distribution of such public 
programs and child health in twenty barrios 
(villages) in the lowland rice-producing areas 
of Laguna Province in the Philippines. Infor- 
mation from surveys of 240 randomly se- 


. lected households residing in these barrios 
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TABLE 1— DISTRIBUTION OF PUBLIC FACILITIES IN 
TWENTY LAGUNA BARRIOS BY NUMBER 
OF YEARS INSTITUTED PRIOR TO 1979 








Rural Health 


Years in Family Planning 
ini Clinic 


Barrio Clinic 








0 8 7 
0-4 4 
5-9 5 
10-14 2 
15-19 0 
20+ 1 
Total 0 


w 
Banaow 


on the age, height, and weight of every family 
member was collected in 1975 and 1979. 
Information was also obtained in the 1979 
survey round on the dates of introduction of 
rural health clinics and family planning 
clinics financed by the national government 
for each of the barrios. 

The distribution of the public facilities 
across barrios by time period is reported in 
Table 1. As can be seen, health and family 
planning facilities were relatively recently in- 
troduced, with barrio-specific dates of estab- 
lishment differing markedly. Seven barrios 
had no public health clinic and eight barrios 
had no family planning facility by 1979, with 
seven of the thirteen existing health facilities 
_ and eleven of the twelve family planning 
facilities introduced less than fifteen years 
prior to 1979. 

The joint distribution of the family plan- 
ning and health clinics appears in conformity 
with the health externality model, as such 
facilities appear to be placed in a comple- 
mentary pattern—the Spearmen rank corre- 
lation of establishment dates for the family 
planning and health clinics is .62. Moreover, 
of the seven barrios that had no health clinic, 
five also did not have a family planning 
clinic, and of the eight barrios without a 
family planning clinic, five also did not have 
a health clinic. Five barrios had neither facil- 
ity as of 1979. The existence of two barrios 
without a health clinic but with a family 
planning clinic suggests, as noted, that if 
direct population externalities are ruled out, 
child health and family size should appear to 
be gross substitutes among the Laguna 
households. This is confirmed below. 
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B. Estimation Framework 


To exploit the longitudinal data on health 
and the information on the dates of program 
initiation, we modify the above framework to 
accommodate the realities that government 
programs are initiated at different times and 
that observed child health in any period is a 
stock variable influenced by resources allo- 
cated in the current and prior periods. The 
impact of a program on the current health 
status of a particular child will thus depend 
upon the length of its previous exposure to 
the program. We will exploit the variability 
in program exposure across children to 
estimate the health effects of the health and 
family planning programs, and to estimate 
the barrio-specific health endowments. Vari- 
ation in program exposure across children, 
however, occurs both because barrios differ 
in the timing of program introduction and 
because children within the barrio differ in 
their dates of birth. If child-health invest- ` 
ments differ systematically by the birthdate 
of the child due to health-related factors 
about which the researcher is unaware, a 
spurious relationship between child health 
and program exposure is generated even if 
the timing of government programs across 
barrios is unrelated to family or barrio en- 
dowments. 

Let t, represent the year of the survey, t, 
the year the program was instituted, and ft, 
the year of birth of a child. The program will 
have been in effect ¢,—t, years and for 
children born prior to t, (i.e, t < tp) t7 t 
will be the number of years each such chil 
will have been exposed. Yet, a child born one 
year prior to the program will likely be more 
strongly affected by the program than a child 
born five years prior to the program. We 
thus adopt as a measure of program ex- 
posure the fraction of a child’s lifetime dur- 
ing which the child was exposed to the pro- 
gram. Let p% be the program exposure of 
child i residing in barrio / who is of age a at 
the survey date, where a = t, — t,. Thus, 


pi, =Oif the program does not exist in the 
barrio as of the survey date, 
=((t,—1¢,)/a)if t, >t, >t, in barrio /, 
=1 if ¢,>¢,>¢, in barrio l. 
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Consider the following child-health de- 
mand equation for a child i aged a in bar- 
rio / observed at ¢,: 


(9) l iit, 


= pab + uit Hit ein, 


where H is an age-standardized measure of 
health, u; is a time-invariant, child-specific 
health endowment, the p, are location- 
specific health factors, and e is a random 
error term. Least squares estimation of (9) 
when p, is unobserved leads to a biased 
estimate of 8, the program exposure effect, if 
t,, the date the program was introduced, is 
related to the area’s endowments, as would 
be the case with nonrandom program place- 
ment. 

Within-family or barrio estimators of £, 
which purge out, respectively, household 
and locational characteristics, are also bi- 
ased, however, even if program placement is 
uncorrelated with child or family-specific 
endowments u if child-specific health endow- 
ments (within-family) or household endow- 
ments (within-barrio) influence the spacing 
of children. In differenced form, for a family 
with at least one child born prior to the 
program’s introduction, the within-family 
estimator is derived from 


a’ a (t, ty )(ty =t) 
(10) Hi, Hin,” jiet 
u;)+ Cej,- En, )> 


+(u;- 


where a’= tf, —¢,, > a. As can be seen, even 
if the dates of program introduction ¢, are 
independent of the child-specific error u, or 
if child i’s birth date ¢, is related to his or 
her older sibling's health status u,, the 
- within-family estimate of the program ex- 
posure effect is also biased. In our paper 
(1984a) and Rosenzweig (1986), it is shown 
that birth spacing and other child-specific 
inputs are significantly correlated with prior 
siblings’ and family-specific endowments, 
leading to biased estimates of child-specific 
resource allocations. Thus, as long as pro- 
gram placement is not responsive to purely 
random disturbances (or perturbations with 
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little persistence), only within-child estima- 
tors will yield consistent estimates of the 
effect of program exposure, given systematic 
program placement and endowment-condi- 
tioned birth-spacing behavior.® Longitudinal 
information on child-health outcomes is re- 
quired.’ 


C. Program Assessment: Comparisons of 
Cross-Sectional and Panel Estimates 


To estimate the effects of the facilities on 
child health, we selected a sample of children 
(defined to be under age 18 as of 1979) for 
whom height and weight information exists 
in both years of the Laguna survey, yielding 
a working sample of 274 children in 85 
households. Table 2 provides descriptive 


®Indeed, it is not necessarily true that the within-bar- 
tio regression performs better than the cross-section 
regression if the within-child regression is taken to be 
the correctly specified model. 

7Similar biases would afflict least squares estimates of 
the effects of the two programs on fertility outcomes 
based on the cross-barrio variation in program exposure, 
as fertility patterns would not be independent of health 
endowments. Unlike the case of the health of individual 
children, however, within-family estimates are ruled out 
and use of longitudinal information based on birth 
histories would require that the timing and spacing 
behavior of households be better understood. Reduc- 
tions in the cost of fertility control, while they would 
lower completed family size, do not have predictable 
effects (in the absence of better dynamic models of 
household behavior) on the intertemporal patterns of 
births—better control over fertility by couples may 
result in earlier or later childbearing. The higher rates of 
childbearing in the later life cycle stages by more 
educated women compared to less educated women in 
the United States (Rosenzweig and Daniel Seiver, 1982) 
suggests that examining differences in birth rates over 
arbitrary life cycle periods across women exposed dif- 
ferentially to the health and family programs is not a 
suitable procedure for discerning the programs’ impact 
on completed family size. Use of the fixed-effect proce- 
dure to evaluate health effects, given reasonable age 
standardization, yields useful results, as a postponement 
of health investments in the face of permanent reduc- 
tions in health costs and in fertility control costs would 
not appear to be an optimal strategy given the apparent 
cumulative and long-term effects of such investments. 

8 Two alternative sources of bias are selective mortal- 
ity and selective household migration. With respect to 
the latter, of all the households interviewed in 1975 
inclusive of those from which height and weight data 
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TABLE 2— SAMPLE STATISTICS 








Standard 


Variable Mean Deviation 





Natural Logarithm of Height Normalized 

by Philippines Age Standard 
1975 4.525 0715 
1979 4.543 0566 

Natural Logarithm of Weight Normalized 

by Philippines Age Standard 
1975 


4.377 147 

1979 4.407 147 
Exposure to Public Health Unit, 
Fraction of Years 

1975 456 480 

1979 512 451 
Exposure to Family Planning Clinic, 
Fraction of Years 

1975 162 314 

1979 285 -333 
Number of Years Rural Health 

in Barrio, 1979 10.0 10.3 
Number of Years Family Planning 

Clinic in Barrio, 1979 6.45 13.67 
Number of Barrios 20 


Number of Children 274 


statistics for the sample children at each of 
the two survey dates. Height and weight are 
standardized by age and sex according to a 
national schedule. The average child in this 
sample in each of the two survey years is 
somewhat over:90 percent as tall as the aver- 
age Filipino child of the same age and sex, 
but only a little over 80 percent as heavy. 
However, the average child in the sample has 
evidently grown slightly in both dimensions 


were collected, less than 10 percent were not present in 
the same barrio and thus were not surveyed in 1979. 
Interbarrio mobility in the Laguna province is not high. 
In a moderate-to-high mortality environment such as 
Laguna, child mortality may introduce some selectivity 
into estimates of the consequences of programs oriented 
toward children. To the extent that such programs 
facilitate the survival of children endowed with low 
health, cross-sectional comparisons of child health 
according to the presence or absence of such programs 
will lead to an underestimate of their beneficial effects. 
Using the fixed-effect procedure as we do, however, 
yields consistent estimates of the program effects as long 
as propensities to survive are impounded in the fixed- 
health endowment, are time-invariant attributes of 
children, and children do not differ importantly in the 
degree to which the programs augment their health. 
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relative to the standard between the two 
surveys. 

Three separate specifications were esti- 
mated corresponding to alternative assump- 
tions about unobservables in the determina- 
tion of height and weight. In the first column 
of Table 3, ordinary least squares (OLS) 
regressions are reported using the 1979 cross 
section of 274 children. The second column 
repeats the cross-sectional regressions, but 
adds barrio dummy variables. The third 


_ column reports first-differenced regressions 


using the 1979 and 1975 (matched) samples. 
In panel A, the dependent variable is the log 
of standardized height; in panel B, the de- 
pendent variable is the log of standardized 
weight. 

The differences in estimated program ex- 
posure effects across the specifications are 
striking for either health measure: In the 
height regressions, both the cross-section and 
barrio fixed-effect health and family plan- 
ning clinic “effects” are generally negative 
with standard errors that are at least as large 
as the point estimates. The child fixed-effect 
(longitudinal) estimates, however, indicate 
that exposure to health and family planning 
clinics increases height, with the family plan- 
ning effect statistically significant at the usual 
confidence levels and the health clinic effect 
marginally significant. The point estimates 
indicate that the height of a child for whom 
no health clinic existed would be 5 percent 
below that for a child always exposed to a 
clinic, while exposure to a family planning 
clinic increases height by 7 percent. 

The weight regressions tell a very similar 
story: the cross-section and within-barrio 
associations between health clinic expo- 
sure and age-standardized weight are nega- 
tive, while the child fixed-effect estimates, 
measured relatively precisely, indicate that 
exposure to either the health or family plan- 
ning programs increases the weight-for-age 
of children. Here, however, the family plan- 
ning effect is somewhat more robust to 
specification, although the effect of this pro- 
gram on child weight is underestimated by 
more than 100 percent when only the cross- 
sectional variation in program placement is 
utilized. The point estimates (last column) 
indicate that unit increases in health and 
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TABLE 3— ESTIMATES OF THE EFFECTS OF EXPOSURE TO GOVERNMENTAL PROGRAMS 
ON THE STANDARDIZED HEIGHT AND WEIGHT OF CHILDREN 











OLS Fixed Effect 
Variable Cross Section* Barrio Child 
A. Log of Standardized Height 
Rural Health Unit Exposure — .00473 — .0205 0511 
(0.53) (0.40) (1.21) 
Family Planning Exposure ~ 0131 — 00913 .0710 
(1.12) (0.27) (3.32) 
R? .0339 1695 .0660° 
F 1.88 2.12 9.61 
d.f. 268 249 272 
B. Log of Standardized Weight 
Rural Health Unit Exposure — .0313 —.162 .0992 
(1.35) (1.20) (1.52) 
Family Planning Exposure 0263 .0803 121 
(0.87) (0.90) (2.76) 
R? 0337 1401 0500° 
F 1.87 1.69 7.16 





“Equation also includes the age and educational attainment of each parent. 


>From first-differenced equation. 


family planning clinic exposure increase 
age-standardized child weight by 9 and 12 
percent, respectively. 


D. Program Placement Rules 


Whether child health status is measured by 
age-standardized height or weight, the esti- 
mates of the child-health effects of the family 
planning program purged of contamination 
by the endogeneity of program placement or 
birth spacing in Table 3 indicate that child 
health and family size are substitutes (and/or 
family size directly decreases health)—sub- 
sidies to fertility control evidently augment 
resource allocations to child-health invest- 
ment among Laguna households. Thus, as we 
have shown, : family. planning clinics may 
substitute for health clinics in the presence of 
health externalities and/or may effectively 
complement health clinics even in the ab- 
sence of other externalities, due to the direct 
relationship between the family size of re- 
cipients and the total costs of subsidizing 
health investments incurred by the donor or 
public agent. 

In this section we seek to discern whether 
the dates of introduction of both the health 
and family planning clinics are systemati- 
cally related to the average child-health en- 


dowment within a barrio, that is, we estimate 
the governmental program allocation rules. 
The child-specific effects that are estimated 
from (9) contain the elements u;, H, a con- 
stant, and the effects of all time-invariant 
determinants of height and weight (for exam- 
ple, mother’s schooling), but net out the 
effects of the programs. However, since there 
are only two observations on each child, the 
estimated fixed effect measures the true pre- 
program child effect with error. Averaging 
child-specific effects within each barrio thus 
yields a measure (gross of time-invariant fac- 
tors and random errors) of preprogram bar- 
rio level health presumably observed by the 
government, though only indirectly by us, 
and used by it to plan the timing of public 
program introduction. We have two such 
measures, corresponding to height and to 
weight. 

Table 4 reports the estimates of the impact 
of the average barrio-level health endowment 
as measured by (the Jn of) child height on the 
length of time in years that each of the 
programs—health clinics and family plan- 
ning clinics—has been in existence in the 
barrio. There are thus twenty observations. 
Parental education levels were initially in- 
cluded as discussed above, but were jointly 
insignificant at conventional levels and so are 
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TABLE 4— ESTIMATES OF THE EFFECTS OF BARRIO CHILD-HEALTH CONDITIONS 
ON THE PLACEMENT OF GOVERNMENTAL PROGRAMS" 
Public Program 
Rural Health Unit Family Planning Clinic 
Endowment Measure (1) (2) (3) (1) (2) (3) 
In Height, Standardized? —102 - = 13.2 - = 
(0.92) (0.09) š 
In Height Effect - —145 - - —129 - 
(4.30) (2.30) 

Predicted In Height Effect - - —199 - - —151 

(4.34) (1.91) 
R? .0452 .507 .512 .0004 228 .168 





a Dependent variable = years since program was initiated. 


ÞOLS coefficient. 


excluded from the results actually, presented. 
The first row uses actual mean height in the 
barrio and would only be correct if the pro- 
grams themselves had no impact on height. 
The second row uses the barrio-average fixed 
effect computed from the child fixed-effect- 
height regression reported in column 3 of 
Table 3. The third row uses the predicted 
height fixed effect obtained from a first-stage 
regression in which the (In) height fixed effect 
is regressed on the (In) weight fixed effect, 
computed from the last column estimates of 
Table 3. The purpose of this latter procedure 
is to purge the estimate of the height fixed 
effect of measurement error under the as- 
sumption that height and weight are both 
measures of the same underlying health indi- 
cator.’ 

While the timing of program initiation for 
both programs appears unrelated to average 
child height in the barrios (row one), when 
the height effects of the programs are re- 
moved, as in the second and third rows, the 
estimates indicate that the health and family 
planning clinics were distributed systemati- 
cally over time and, as expected, were allo- 
cated in a similar manner.!? Moreover, the 


°The results reported in Table 4 are qualitatively 
identical when the standardized weight effect is used to 
measure the community-level health endowment. 

An alternative explanation for the evident com- 
plementarity between family planning and health clinics 
is the existence of economies of scale in the delivery of 
related services. While this is plausible, both programs 


statistically significant, fixed-effect estimates 
imply a compensatory government allocation 
rule for both of the evidently complemen- 
tary health programs. Barrios with lower pre- 
program health “endowments” evidently 
received both types of health-augmenting 
programs earlier. 

The point estimates based on the predicted 
height measure indicate that where prepro- 
gram standardized height was 1 percent 
higher (about one-fourth of the standard de- 
viation), the introduction of a health unit 
was retarded by about two years: The distri- 
bution of family planning clinics was almost 
as responsive to health endowment variation; 
their introduction was delayed by about one 
and one-half years for every percentage in- 
crease in standardized height. The com- 
pensatory program placement rule followed 
by the governmental authorities for the com- 
plementary health and family planning pro- 
grams thus appears to have been responsible 
for the significant negative biases observed in 
the cross-sectional estimates of the effects of 
the two programs in Table 3. 


HI. Conclusion 


In this paper we have specified a model of 
the distribution by a central authority of 





were integrated and/or conducted from the same build- 
ing in less than half of those barrios where both types of 
clinics were present in 1979. 
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family planning and child health investment 
subsidies across heterogenous localities to 
assess the bias in the evaluations of such 
programs based on cross-sectional data im- 
plied by nonrandom program distribution. A 
basic feature of the model is the presence of 
health externalities, which is shown to be 
sufficient along with plausible features of 
household behavior to make selective sub- 
sidization of fertility control, either alone 
or in combination with health investment 
subsidies, Pareto efficient. Thus the unre- 
solved issue of whether or not population 
growth per se impedes economic develop- 
ment, whether there are direct and negative 
population externalities, may be irrelevant to 
the issue of whether family planning pro- 
grams are desirable instruments for promot- 
ing economic growth. 

The model suggests that subsidization of 
fertility control is likely to be Pareto efficient 
in the presence of health or human capital 
externalities when (a) human capital and 
family size are gross substitutes, and/or (b) 
any per child human capital subsidies are 
provided to recipient households. In the first 
case, fertility control subsidies may sub- 
stitute for direct subsidies to health invest- 
ment and an equalizing distribution of the 
subsidies, the highest family planning subsi- 
dies to the lowest-health recipient house- 
holds, is efficient. When both family plan- 
ning and health subsidies are used, fertility 
control subsidies serve to minimize the sub- 
sidy burden for donors and will be highest 
where total subsidy expenditures per child 
are greatest, but in general the ordering of 
the distribution of the joint subsidies by the 
inherent healthiness of recipients cannot be 
predicted. 

Longitudinal data describing the timing of 
program implementation in twenty randomly 
sampled barrios in the Laguna Province in 
the Philippines revealed a systematic pattern 
of health and family planning program 
placement in accord with the model: each 
program was initiated earliest in the low- 
health barrios, most of the barrios that had 
any program had both programs by the date 
of the last survey round, and when endoge- 
nous program placement was taken into 
account, exposure to either program ap- 
peared to significantly improve children’s 
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health status. Family size and child health 
thus appeared to be gross substitutes in the 
Laguna households, a sufficient condition for 
the presence of some barrios with a family 
planning, but not a health, clinic. 

The compensatory pattern of program 
placement, when not taken into account, 
yielded estimates of the effects of the two 
programs on child health that would have 
led to false rejection of the hypothesis that 
either or both improved child health. These 
results thus imply that conclusions drawn 
from studies exploiting the cross-sectional 
variation in centrally allocated program in- 
tensities to evaluate programs and/or to 
identify structural relationships characteriz- 
ing household behavior should be interpreted 
with care. Additional empirical and theoreti- 
cal work integrating central and local pro- 
gram determination with household optimi- 
zation would appear warranted. 


APPENDIX 


The equilibrium conditions for the optimal 
rates of subsidy for fertility control and 
health for the ith household, ignoring trans- 
action costs, are 
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where 


, l Mnp, + \ In, t Tx 
y= (typ, t tn) ‘i l z i n) | 
"Np. Wp. T 1 xp, 
and €y,,.= (0H/0H*)(A*/H) and eyxy= 
(0H/dX)(X/H), from (I); &yy=(dH'/ 
OX) X'/H"') and eyy =(0H'/ON'\(NY 
H") from (2); and the ni are the demand 
price elasticities characterizing the ith 
household. Note nip. > 0. The first term in 
brackets in (A1) is the health return from the 
fertility control subsity associated with the 
cross-price effect, the second term is that 
associated with the biological effect of family 
size on health and the third bracketed term 
corresponds to the eradication effect de- 
scribed in the text. The last term in (A1) is 
the budget savings effect resulting from the 
existence of the per capita health subsidy. 
When the health subsidy is absent and 
H'— H*=0, total differentiation of the sys- 
tem of first-order conditions describing the 
wealthy household allocations, treating price 
effects as parameters, yields 
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the effect of a change in the ith household’s 
endowment on the fertility control subsidy it 
receives. The first bracketed term in (A3) 
corresponds to the (compensated) own-price 
or cost effect of the ith contraceptive sub- 
sidy; the second corresponds to the associ- 
ated income effect on the wealthy household. 
When NÝ and X' are gross substitutes, 
dN'/dpi <0. If dX'/dp' <0 as well, then 
(A3) is negative and family planning subsid- 
ies are compensatory with respect to health 
endowments. 
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Dividend Variability and Variance Bounds Tests 
for the Rationality of Stock Market Prices 


By Terry A. MARSH AND ROBERT C. MERTON* 


. Perhaps for as long as there has been 
a stock market, economists have debated 
whether or not stock prices rationally reflect 
the “intrinsic” or fundamental values of the 
underlying companies. At one extreme on 
this issue is the view expressed in well-known 
and colorful passages by Keynes that specu- 
lative markets are no more than casinos for 
transferring wealth between the lucky and 
unlucky. At the other is the Samuelson-Fama 
Efficient Market Hypothesis that stock prices 
fully reflect available information and are, 
therefore, the best estimates of intrinsic val- 
ues. Robert Shiller has recently entered the 
debate with a series of empirical studies 
which claim to show that the volatility of the 
stock market is too large to be consistent 
with rationally determined stock prices. In 
this paper, we analyze the variance-bound 
methodology used by Shiller and conclude 
that this approach cannot be used to test the 
hypothesis of stock market rationality. 

Resolution of the debate over stock market 
rationality is essentially an empirical matter. 
Theory may suggest the correct null hy- 
pothesis—in this case, that stock market 
prices are rational—but it cannot tell us 
whether or not real-world speculative prices 
as seen on Wall Street or LaSalle Street are 


*Sloan School of Management, MIT, Cambridge, 
MA 02139 and Hoover Institution, Stanford University; 
and Sloan School of Management, MIT, respectively. 
This paper is a substantial revision of a part of our 1983 
paper which was presented in seminars at Yale and 
Harvard. We thank the participants for helpful com- 
ments. We also thank G. Gennotte, S. Myers, R. Ruback, 
and R. Shiller; and for his advice on the economet- 
ric issues, J. Hausman. We are especially grateful to 
F. Black, both for his initial suggestion to explore this 
topic, and for sharing with us his deep insights into the 
problem. We are pleased to acknowledge financial sup- 
port from the First Atlanta Corporation for computer 
services. We dedicate the paper to the scientific contri- 
butions and the memory of John V. Lintner, Jr. 
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indeed rational. As Paul Samuelson wrote in 
his seminal paper on efficient markets: “You 
never get something for nothing. From a 
nonempirical base of axioms, you never get 
empirical results. Deductive analysis cannot 
determine whether the empirical properties 
of the stochastic model I posit come close to 
resembling the empirical determinants of to- 
day’s real-world markets” (1965, p. 42). 

On this count, the majority of empirical 
studies report results that are consistent with 
stock market rationality.! There is, for exam- 
ple, considerable evidence that, on average, 
individual stock prices respond rationally 
to surprise announcements concerning firm 
fundamentals, such as dividend and earnings 
changes, and that prices do not respond to 
“noneconomic” events such as cosmetic 
changes in accounting techniques. Stock 
prices are, however, also known to be consid- 
erably more volatile than either dividends or 
accounting earnings. This fact, perhaps more 
than any other, has led many, both academic 
economists and practitioners, to the belief 
that prices must be moved by waves of 
“speculative” optimism and pessimism be- 
yond what is reasonably justified by the 
fundamentals.” 


'To be sure, of the hundreds of tests of efficient 
markets, there have been a few which appear to reject 
market efficiency (see “Symposium on Some Anomalous 
Evidence on Capital Market Efficiency,” Journal of 
Financial Economics, June-September 1978). For the 
most part, however, these studies are joint tests of both 
market efficiency and a particular equilibrium model of 
differential expected returns across stocks such as the 
Capital Asset Pricing Model and, therefore, rejection of 
the joint hypothesis may not imply a rejection of market 
efficiency. Even in their strongest interpretation, such 
studies have at most rejected market efficiency for select 
segments of the market. For further discussions, see 
Merton (1986). 

? For example, in discussing the problems of Tobin’s 
Q theory in explaining investment, Barry Bosworth 
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Until recently, the belief that stock prices 
exhibit irrationally high volatility had not 
been formally tested. In a series of papers 
(1981a, b, and 1982), Shiller uses seemingly 
powerful variance bounds tests to show that 
variations in aggregate stock market prices 
are much too large to be justified by the 
variation in subsequent dividend payments.’ 
Under the assumption that the expected real 
return on the market remains essentially con- 
stant over time, he concludes that the excess 
variation in stock prices identified in his tests 
provides strong evidence against the Efficient 
Market Hypothesis. Even if the expected real 
return on the market does change over time, 
Shiller further concludes that the amount of 
variation in that rate necessary to “save” the 
Efficient Market Hypothesis is so large that 
the measured excess variation in stock prices 
cannot reasonably be attributed to this 
source. 

We need hardly mention the significance 
of such a conclusion. If Shiller’s rejection of 
market efficiency is sustained, then serious 
doubt is cast on the validity of this corner- 
stone of modern financial economic theory. 
Although often discussed in the context of 
profit opportunities for the agile and in- 
formed investor, the issue of stock market 
rationality has implications far beyond the 
narrow one of whether or not some investors 
can beat the market. As Keynes noted long 
ago (1936, p. 151), and as is evident from the 
modern Q theory of investment, changes in 
stock prices—whether rationally determined 
or not—can have a significant impact on real 
investment by firms.* To reject the Efficient 


writes: “Nor does it seem reasonable to believe that the 
present value of expected corporate income actually fell 
in 1973-1974 by the magnitude implied by the stock- 
market decline of that period, when q declined by 50 
percent. ...As long as management is concerned about 
long-run market value and believes that this value re- 
flects ‘fundamentals, it would not scrap investment 
plans in response to the highly volatile short-run changes 
in stock prices” (1975, p. 286). 

3Using the variance bound methodology, Stephen 
LeRoy and Richard Porter (1981) claim to show that 
stock prices are “too volatile” relative to accounting 
earnings. For a similar discussion of their analysis, see 
our 1984 paper. 

*For a recent discussion of the “causal” effect of 
stock price changes on investment, see Stanley Fischer 
and Merton (1984). 
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Market Hypothesis for the whole stock 
market and at the level suggested by Shiller’s 
analysis implies broadly that production de- 
cisions based on stock prices will lead to 
inefficient capital allocations. More gener- 
ally, if the application of rational expec- 
tations theory to the virtually “ideal” condi- 
tions provided by the stock market fails, then 
what confidence can economists have in its 
application to other areas of economics where 
there is not a large central market with con- 
tinuously quoted prices, where entry to its 
use is not free, and where shortsales are not 
feasible transactions? 

The strength of Shiller’s conclusions is de- 
rived from three elements: (i) the apparent 
robustness of the variance bound methodol- 
ogy; (ii) the length of the data sets used in 
the tests—one set has over 100 years of 
dividend and stock price data; and (iii) the 
large magnitude of the empirical violation of 
his upper bound for the volatility of rational 
stock prices. Shiller in essence relies upon 
elements (ii) and (iii) to argue that his re- 
jection of the efficient market model cannot 
be explained away by “mere” sampling 
error alone. Nevertheless, Marjorie Flavin 
(1983) and Allan Kleidon (1983a,b) have 
shown that such sampling error can have a 
nontrivial effect on the variance bound test 
statistics. 

In this paper, we focus exclusively on ele- 
ment (i) and conclude that Shiller’s variance 
bound methodology is wholly unreliable for 
the purpose of testing stock market rational- 
ity. Thus, even if his estimates contained no 
sampling error at all, his findings do not 
constitute a rejection of the efficient market 
model. To support our claim, we present an 
alternative variance bound test which has 
the feature that observed prices will, of 
necessity, be judged rational if they fail the 


ŠShiller notes on this general point: “The lower 
bound of a 95 percent one-sided x? confidence interval 
for the standard deviation of annual changes in real 
stock prices is over five times higher than the upper 
bound allowed by our measure of the observed variabil- 
ity of real dividends. The failure of the efficient markets 
model is thus so dramatic that it would seem impossible 
to attribute the failure to such things as data errors, 
price index problems, or changes in tax laws” (1981a, 
p. 434). 
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Shiller test. That is, if observed stock prices 
were to satisfy Shiller’s variance bound test, 
then they would be deemed irrational by our 
test. It would seem, therefore, that for any 
set of stock market price data, the hypothe- 
sis of market rationality can be rejected by 
some variance bound test. 

This seeming paradox arises from dif- 
ferences in assumptions about the underly- 
ing stochastic processes used to describe the 
evolution of dividends and rational stock 
prices. Affirmative empirical evidence in sup- 
port of the class of aggregate dividend 
processes postulated in our variance bound 
test is presented in our forthcoming article. 
The specific model derived and tested in that 
paper significantly outperforms the univari- 
ate autoregressive model associated with the 
Shiller analysis. 

The Shiller variance bound test and our 
alternative test share in common the null 
hypothesis that stock prices are rational, 
but differ as to the assumed stochastic pro- 
cess for dividends. Since Shiller’s data sets 
strongly reject the joint hypothesis of his test 
and sustain our’s, we conclude that his vari- 
ance bound test results might better be inter- 
preted as an impressive rejection of his model 
of the dividend process than as a rejection of 
stock market rationality. 


I. On the Reliability of the Dividend Variance 
Bound Test of Stock Market Rationality 


In his 1981a article, Shiller concludes that: . 


measures of stock price volatility over 
the past century appear to be far too 
high—five to thirteen times too high 
-—to be attributed to new information 
about future real dividends if un- 
certainty about future dividends is 
measured by the sample standard devi- 
ation of real dividends around their 
long-run exponential path. [p. 434] 


In reaching this conclusion, he relies upon a 
variance bound test—hereafter called the 
“ p* test” —which establishes an upper bound 
on the variance of the level of detrended real 
stock prices in terms of the variance of a 
constructed “ex post rational” detrended and 
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real price series.© In this section, we begin 
with a brief review of the development of his 
test and then present an alternative variance 
bound test which actually reverses the direc- 
tion of the inequality established in the p* 
test. That is, the upper bound on the vari- 
ance of rationally determined stock prices in 
the Shiller test is shown to be the lower 
bound on that same variance in the alterna- 
tive test. 

The key assumptions underlying the p* 
test can be summarized as follows: 


(S1) Stock prices reflect investor beliefs which 
are rational: expectations of future div- 
idends. 

(S2) The “real” (or inflation-adjusted) ex- 
pected rate of return on the stock 
market, r, is constant over time. 

(S3) Aggregate real dividends on the stock 
market, { D(t)}, can be described by a 
finite-variance stationary stochastic pro- 
cess with a deterministic exponential 
trend (or growth rate) which is denoted 


by g. 


To develop the p* test from these assump- 
tions, Shiller defines an ex post rational de- 
trended price per share in the market port- 
folio at time t: 


o0 
G) p*(t)= La d(t +k), 

k=0 
where d(s)= D(s)/(1+g)**} is the de- 
trended dividend per share paid at the end 
of period s and n = (1+ g)/(1+r). p*(t) is 
called an ex post (detrended) rational price 
because it is the present value of actual 
subsequent (to time ¢) detrended dividends. 
If as posited in (S1), actual stock prices, 
{ P(t)}, are ex ante rational prices, then it 
follows from (1) that 


(2) p(t) =el p*(2)], 


Shiller also develops a second variance bound test - 
that establishes an upper bound on the variance of 
unanticipated changes in detrended real stock prices in 
terms of the variance of detrended real dividends. An 
analysis of this “innovations test” is presented later in 
this section. 
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for each t where p(t) = P(t)/(1+ g)! is the 
detrended real stock price per share of the 
market portfolio at the beginning of period t 
and e, is the expectation operator condi- 
tional on all information available to the 
market as of time t. 

If, as Shiller (1981a, p. 422) points out, 

p(t) is an ex ante rational price, then it is 

also an optimal forecast of p*(t). If p(t) is 
such an optimal forecast, then the forecast 
error, u(t)= p*(t)— p(t), should be un- 
correlated with p(t). It follows therefore 
that under this hypothesis, Var[ p*(t)] = 
Var[ p(t) + Var[u(t)] > Var[ p(t)]. That is, in 
a set of repeated experiments where a fore- 
cast p(t) and a sequence of subsequent div- 
idends, d(t + k), k =0,1,..., are “drawn,” 
it should turn out that the sample variance 
of p*(t) exceeds the sample variance of the 
forecast p(t). 

If (detrended) dividends follow a regular 
stationary process, then rationally deter- 
mined (detrended) stock prices must also. 
Hence, from assumption (S3), it follows by 
the Ergodic Theorem that time-series ensem- 
bles of { p(t)} and { p*(t)} can be used to 
test the “cross- sectional” proposition that 
Varl p*()] > Var p0) 

To compute an estimate of p*(t) with a 
finite sample time period, it is, of course, 
necessary to truncate the summation in (1). 
If, as Shiller (1981a, p. 425) notes, the time- 
series sample is “long enough,” then a rea- 
sonable estimate of the variance of p*(t) can 
be obtained from that truncated summation. 
At the point of truncation, Shiller assigns a 
“terminal” value, p*(T), which is the aver- 
age of the detrended stock prices over the 
sample period. That is, 


(3) p(T) = [Eror 


where T is the number of years in the sample 
period. 


7That is, the time-series estimator EZ ![p(t)— 
p)"/T can be used to estimate Var[ p(t)] and similarly 
for p*(t). 
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Under the posited conditions (S1)-(S3), 
the null hypothesis of the p* test for rational 
stock prices can be written as 


(4) Var p*] > Var[ p], 


where from (1) and (3), the constructed p*(t) 
series used to test the hypothesis is given by 


T-t-1 


2, ak*'d(t+k) 
k=0 


+1'~'p*(T), 


(5) p*(t)= 


eh = 1 


As summarized by Shiller in the paragraph 
cited at the outset of this section, the results 
reported in his Table 2 (1981a, p. 431) show 
that the variance bound in (4) is grossly 
violated by both his Standard and Poor’s 
1871-1979 data set and his modified Dow 
Industrial 1928-79 data set. 

Although widely interpreted as a rejection 
of stock market rationality (S1),® these find- 
ings are more precisely a rejection of the 
joint hypothesis of (S1), (S2), and (S3). As 
noted in our introduction, Shiller (1981, pp. 
430-33) argues that a relaxation of (S2) to 
permit a time-varying real discount rate 
would not produce sufficient additional vari- 
ation in prices to “explain” the large magni- 
tude of the violation of the derived variance 
bound. However, even if (S2) were known to 
be true, this violation of the bound is not a 
valid rejection of stock market rationality 
unless (S3) is also known to be true. Never- 
theless, to some, (S3) may appear to encom- 
pass such a broad class of stochastic processes 
that any plausible real-world time-series of 
dividends can be well-approximated by some 
process within its domain.’ If this were so, 
then, of course, the p* test, viewed as a test 
of stock market rationality, would be robust. 
In fact, however, this test is very sensitive to 


®As a recent example, see James Tobin (1984). 

Perhaps this belief explains why Shiller devotes 20 
percent of his paper (1981a) to justifying the robustness 
of his findings with respect to assumption (S2) and 
virtually no space to justifying (53). 
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the posited dividend process. We show this 
by deriving a variance bound test of rational 
stock prices that reverses the key inequality 
(4). While maintaining assumptions (S1) and 
(S2) of the p* test, this alternative test re- 
places (S3) with the assumption of a differ- 
ent, but equally broad, class of dividend 
processes. As background for the selection of 
this alternative class, we turn now to discuss 
some of the issues surrounding dividend 
policy and the sense in which rational stock 
prices are a reflection of expected future 
dividends, this to be followed by the deriva- 
tion of our test. 

If the required expected real rate of return 
on the firm is constant, then its intrinsic 
value per share at time t, V(t), is defined to 
be the present value of the expected future 
real cash flows of the firm that will be avail- 
able for distribution to each of the shares 
currently outstanding. From the well-known 
accounting identity,!? it follows that the 
firm’s dividend policy must satisfy the con- 
straint: 


CH= È peeresaery 


Although management can influence the 
intrinsic value of its firm by its investment 
decisions, management has little, if any, con- 
trol over the stochastic or unanticipated 
changes in V(t). In sharp contrast, manage- 
ment has sole responsibility for, and con- 
trol over, the dividends paid by the firm. 
There are, moreover, no important legal or 
accounting constraints on dividend policy. 
Hence, subject only to the constraint given 
in (6), managers have almost complete dis- 
cretion and control over the choice of div- 
idend policy. 

This constraint on dividend choice is very 
much like the intertemporal budget con- 


0The cash flow accounting identity applies only to 
dividends paid net of any issues or purchases of its 
outstanding securities. “Gross” dividends are, of course, 
subject to no constraint. Hence, all references to “div- 
idends” throughout the paper are to “net” dividends 
paid. 
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straint on rational consumption choice in the 
basic lifetime consumption decision problem 
for an individual. In this analogy, the intrin- 
sic value of the firm, V(t), corresponds to the 
capitalized permanent income or wealth of 
the individual, and the dividend policy of the 
firm corresponds to the consumption policy 
of the individual. Just as there are an un- 
countable number of rational consumption 
plans which satisfy the consumer’s budget 
constraint for a given amount of wealth, so 
there are an uncountable number of distinct 
dividend policies that satisfy (6) for.a given 
intrinsic value of the firm. Hence, like ra- 
tional ‘consumers in selecting their plans, 
rational managers have a great deal of lati- 
tude in their choice of dividend policy. 

If stock prices are rationally determined, 
then 


(7) P(t)=V(t) forall ¢. 


Hence, the only reason for a change in ra- 
tional stock price is a change in intrinsic 
value. Since a manager can choose any num- 
ber of different dividend policies that are 
consistent with a particular intrinsic value of 
the firm, the statement that “rational stock 
prices reflect expected future dividends” 
needs careful interpretation. It follows from 
(6) and (7) that rational stock prices will 
satisfy 


(8) P(t) =e, È vt +k re], 


Thus, rational stock prices reflects expected 
future dividends through (8) in the same 
sense that an individual’s current wealth 
reflects his expected future consumption 
through the budget constraint. Pursuing the 
analogy further: if because of an exogenous 
event (for example, a change in preferences), 
a consumer changes his planned pattern of 


"The fact that individual firms pursue dividend 
policies which are vastly different from one another is 
empirical evidence consistent with this view. 
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consumption, then it surely does not follow 
from the budget constraint that this change 
in the expected future time path of his con- 
sumption will cause his current wealth to 
change. Just so, it does not follow from (8) 
that a change in dividend policy by managers 
will cause a change in the current rationally 
determined prices of their shares.!* For a 
fixed discount rate, r, it does however follow 
from (8) that an unanticipated change in a 
rationally determined stock price must nec- 
essarily cause a change in expected future 
dividends, and this is so for the same feasi- 
bility reason that with a constant discount 
rate, an unanticipated change in a consumer’s 
wealth must necessarily cause a change in his 
planned future consumption. Jn short, (8) is 
a constraint on future dividends and not on 
current rational stock price. 

Since management’s choice of dividend 
policy clearly affects the time-series variation 
in observed dividends, the development of 
the relation between the volatility of div- 
idends and rational stock prices requires 
analysis of the linkage between the largely 
controllable dividend process and the largely 
uncontrollable process for intrinsic value. 

Unlike the theory of consumer choice, 
there is no generally accepted theory of opti- 
mal dividend policy. Empirical researchers 
have, therefore, relied on positive theories of 


12 By the accounting identity, net dividend policy (as 
described in fn. 10) cannot be changed without changing 
the firm’s investment policy. However, changes in in- 
vestment policy need not change the current intrinsic 
value of the firm. Managers can implement virtually any 
change in net dividends per share (without affecting the 
firm’s intrinsic value) by the purchase or sale of finan- 
cial assets held by the firm or by marginal changes in 
the amount of investment in any other “zero net pres- 
ent value” asset held by the firm (for example, invento- 
ries). Such transactions will change the composition of 
the firm’s assets and the time pattern of its future cash 
flows, but not the present value of the future cash flows. 
Since these “trivial” changes in investment policy will 
not affect the intrinsic value of the firm, they will not 
affect the current level of rationally determined stock 
price. See our forthcoming article (Section 6.3) for fur- 
ther discussion of the difficulties of measuring net div- 
idends. 

3 Indeed, the classic Miller-Modigliani (1961) theory 
of dividends holds that dividend policy is irrelevant, 
and hence, in this case, there is no optimal policy. 
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dividend policy to specify their models. The 
prototype for these models is John Lintner’s 
model (1956) based on stylized facts first 
established by him in a classic set of inter- 
views of managers about their- dividend 
policies. Briefly, these facts are: (L1) Man- 
agers believe that their firms should have 
some long-term target payout ratio; (L2) In 
setting dividends, they focus on the change 
in existing payouts and not on the level; 
(L3) A major unanticipated and nontransi- 
tory change in earnings would be an impor- 
tant reason to change dividends; (L4) Most 
managers try to avoid making changes in 
dividends which stand a good chance of 
having to be reversed within the near future. 
In summary, managers set the dividends that 
their firms pay to have a target payout ratio 
as a long-run objective, and they choose 
policies which smooth the time path of the 
changes in dividends required to meet that 
objective. 

As most textbook discussions seem to 
agree, these target payout ratios are mea- 
sured in terms of long-run sustainable (“ per- 
manent”) earnings rather than current earn- 
ings per share. In the special case where the 
firm’s cost of capital r is constant in real 
terms, real permanent earnings at time 
t, E(t), are related to the firm’s intrinsic 
value per share by E(t) =rV(t). 

With this as background, we now develop 
a model of the dividend process as an al- 
ternative to the p* test’s (S3) process. A 
class of dividend policies which captures the 
behavior described in the Lintner interviews 
is given by the rule: 


(9) AD(t) = gD(t) 


+ È nlaE(-4)-gEl K), 


where A is the forward difference operator, 
AX(t) = X(t +1)— X(t), and it is assumed 
that y, 20 for all k=0,1,..., N. In words, 
managers set dividends to grow at rate g, 
but deviate from this long-run growth path 
in response to changes in permanent earn- 
ings that deviate from their long-run growth 
path. Describing the policies in terms of the 
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change in dividends rather than the levels, 
and having these changes depend on changes 
in permanent earnings, is motivated by Lint- 
ner’s stylized facts (L2) and (L3). His behav- 
ioral fact (L4) is met in (9) by specifying the 
change in dividends as a moving average of 
current and past changes in permanent earn- 
ings over the previous N periods. 

Equation (9) can be rewritten in terms of 
detrended real dividends and permanent 
earnings as 


Ad(t) = d, Ae(t—k), 


k=0 


(10) 


where e(s)= E(s)/(1+g)* and \,=¥,/ 
(1+g)**1. By integrating (10),4 we can 
express the level of detrended dividends 


at time ¢ in terms. of current and past de- — 


trended permanent earnings as 


(11) d(t)= 5 A,e(t—k). 
k=0 


By inspection of (11), the dividend policies 
in (9) satisfy Lintner’s (L1) condition of a 
long-run target payout ratio where this ratio 
is given by 8 = LNA}. 

Consider an economy in which the p* test 
assumptions (S1) and (S2) are known to 
hold, but instead of (S3), assume that (9) 
describes the stochastic process for aggregate 
real dividends on the market portfolio. From 
the assumption of a constant discount rate 
(S2) and the definition of permanent earn- 
ings, we have from (11) that detrended real 
dividends at time ¢ can be written as 


(12) d(t)=r > Aw(t—k) 
k=0 


N 
k=0 


‘The constant of integration must be zero since 
e(t) = 0 implies that V(t) = 0, which implies that e(t + 
s)=0O and d(t+s)=0 for all s > 0. 
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where v(s) =V(s)/(1+ gY is the detrended 
real intrinsic value per share of the firm at 
time s and 6,=A,/82>0 with D6, =1. 

From (S1), stock prices are known to be 
rationally determined, and therefore, it fol- 
lows from (7) that p(t)=ov(t) for all t. 
Hence, from (12), curfent detrended divi- 
dends can be expressed as a function of 
current and past detrended stock prices: 
namely, 


a3) a(t)=p E apl), 


where p = rô is the long-run or steady-state 
dividend-to-price ratio on the market port- 
folio. Thus, from (S1), (S2), and (9), de- 
trended aggregate real dividends are a mov- 
ing average of current and past detrended 
real stock prices. Moreover, under these 
posited conditions, the ex post rational price 
series constructed for the sample period [0, T] 
can be expressed as a convex combination of 
the observed detrended stock prices, p(t), 
t=-— N,...,0,1,...,T—1. That is, from (3) 
and (13), (5) can be rewritten as 


T-1 


(14) p*(t)= X wap(k), 


t=0,1,...,.T7-1, 


where, as can be easily shown, the derived 
weights satisfy 


T-1 
L Wy =1 
k=-N 


and w, > 0 with w =0 fork <t—N. 


THEOREM 1: Jf, for each t, p*(t)= 
Ek oTa p(k) where Dicom, =1; Lead, <1 
and m, 20, then for each and every sample 
path of stock price realizations, Var( p*) < 
Var( p), with equality holding if and only if 


The target payout ratio ô and the long-run growth 
rate g are related by g = (1— 8)r/{1 + rê]. 
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all realized prices are identical in the sample 
t=0,...,7-1. 


The formal proof is in the Appendix. How- 
ever, a brief intuitive explanation of the 
theorem is as follows: for each t,t=0,..., 
T—1, p*(t) is formally similar to a condi- 
tional expectation of a random variable p 
with possible outcomes p(0),..., p(T —1) 
where the {v} are interpreted as condi- 
tional probabilities. Var( p*) is, therefore, 
similar to the variance of the conditional 
expectations of p which is always strictly less 
than the variance of p itself (unless, of course, 
Var( p) = 0). 

The variance inequality in Theorem 1 is 
the exact opposite of inequality (4) which 
holds that Var( p*) = Var( p). That is, if the 
ex post rational price series satisfies the hy- 
pothesized conditions of Theorem 1, then 
the p* test inequality will be violated whether 
or not actual stock prices are ex ante ra- 
tional. Because Theorem 1 applies to each 
and every time path of prices, its derived 
inequality Var( p*) < Var( p) holds in-sam- 
ple. A fortiori, it will obtain for any distribu- 
tion of prices. Thus, even for a “bad draw,” 
Var( p*) will not exceed Var( p). 

Although the inequality in Theorem 1 is 
an analytic result, it does not strictly hold 
for all possible sample paths of the p*(t) 
series generated by the dividend process (9) 
and rational stock prices. By inspection of 
(3) and (14), for each t, N<t<T, p*(t)isa 
convex combination of the sample stock 
prices { p(0),..., p(T —1)} that satisfies the 
hypothesized conditions of Theorem 1. How- 
ever, for O<1t<N-1, p*(t) will depend 
upon both the sample period’s stock prices 
and one or more “out-of-sample” stock 
prices { p(~N),..., p(—1)}. Hence, with 
the exception of one member of the class of 
processes given by (9),!° Var( p*) < Var( p) 


16 The exception is the polar case of (9) where N = 0 
and mangers choose a dividend policy so as to maintain 
a target payout ratio in both the short and long run. In 
this case, with d(t)=pp(t) for all t, we have the 
stronger analytic proposition that the Shiller variance 
bound inequality (4) must be violated in all samples if 
stock prices are rational. : 
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need not obtain for each and every sample 
path of prices.!? The problem created here 
by out-of-sample prices is similar to the gen- 
eral “start-up” problem in using a finite 
sample to estimate a moving average or dis- 
tributed lag process. Because only the first N 
of the T sample elements in the p* series 
depend on out-of-sample prices, the in- 
fluence of these prices on the sample vari- 
ance of p* becomes progressively smaller as 
the length of the sample period is increased. 
Indeed, as proved in the Appendix, we have 
that 


THEOREM 2: If (S1) and (82) hold and if 
the process for aggregate real dividends is 
given by (9), then in the limit as T/N > œ, 
Var( p*)/Var( p) <1 will hold almost cer- 
tainly. 


As noted in the introduction, the Shiller 
variance bound theorem has been widely in- 
terpreted as a test of stock market rational- 
ity. However, as with Theorem 1, Theorem 2 
concludes that Var( p*) is a lower bound on 
Var( p) whereas, the corresponding Shiller 
theorem concludes that Var( p*) is an upper 
bound on Var( p). Both Theorem 2 and the 
Shiller theorem are mathematically correct 
and both share in common the hypothesis 
(S1) that stock prices are rationally de- 
termined. Therefore, if these variance bound 
theorems are interpreted as tests of stock 
market rationality, then we have the em- 
pirical paradox that this hypothesis can al- 
ways be rejected. That is, if observed stock 
prices were to satisfy the p* test of stock 
market rationality, then this same sample of 
prices must fail our test, and conversely. This 
finding alone casts considerable doubt on the 
reliability of such variance bound theorems 
as tests of stock market rationality. 

The apparent empirical paradox is, of 
course, resolved by recognizing that each of 
the variance bound theorems provides a test 
of a different joint hypothesis. In addition to 


17For example, if all in-sample prices happened to be 
the same (i.e., p(t)=p,t=0,...,7—1), but the out- 
of-sample prices were not, then for that particular sam- 
ple path, Var( p*) > Var( p) = 0. 
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(S1), both theorems also assume that the real 
discount rate is constant. Hence, neither (S1) 
nor (S2) of the respective joint hypotheses is 
the source of each theorem’s contradictory 
conclusion to the other.'® It therefore follows 
necessarily that the class of aggregate div- 
idend processes (9) postulated in Theorem 2 
is incompatible with the Shiller theorem as- 
sumption (S3) of a regular stationary process 
for detrended aggregate dividends.!? That is, 
given that (S1) and (S2) hold, nonstationar- 
ity of the dividend process is a necessary 
condition for the validity of Theorem 27° 
whereas stationarity of the dividend process 
is a sufficient condition for the validity of the 
p* test inequality (4). Thus, the diametrically 
opposite conclusions of these variance bound 
theorems follow directly from the differences 
in their posited dividend processes. 

In this light, it seems to us that if the p* 
test is to be interpreted as a test of any single 
element of its joint hypothesis, (S1), (S2), 
and (S3), then it is more appropriately viewed 
as a test of (S3) than of (S1). Viewed in this 


18Since the two theorems share the assumption (S2) 
and for any sample of prices, one must fail, they cannot 
reliably be used to test this hypothesis either. However, 
as Eugene Fama (1977) and Stewart Myers and Stuart 
Turnbull (1977) have shown, we note that a constant 
discount rate is inconsistent with a stationary process 
for dividends when investors are risk averse. Hence, the 
assumptions (S2) and (S3) are a priori mutually incon- 
sistent. 

‘Tf V(r) follows a stationary process and the div- 
idend process is given by (9), then the innovations or 
unanticipated changes in intrinsic value, AV(t)+ D(1) 
~rV(t), will not form a martingale as is required by 
(6). If, as is necessary for the validity of (9), the intrinsic 
value follows a nonstationary process, then from (6) and 
(7), both dividends and rational stock prices must also 
be nonstationary. 

201f p(t) and d(t) follow nonstationary processes, 
the variances of the price and dividend are, of course, 
not well-defined in the time-series sense that they were 
used in Shiller’s variance bound test. However, Var( p*) 
and Var( p) can be simply treated as sample statistics 
constructed from the random variables { p(t)} and 
{ d(t}}, and for any finite T, the conditional moments of 
their distributions will exist. If, moreover, the processes 
are such that the dividend-to-price ratio coverages to a 
finite-variance steady-state distribution, then the condi- 
tional expectation of the variance bound inequality as 
expressed in Theorem 2, e)[Var( p*)/Vart p)], will exist 
even in the limit as T > œ. 
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way, the previously cited empirical findings 
of a large violation of inequality (4) would 
appear to provide a rather impressive rejec- 
tion of the hypothesis that aggregate real 
dividends follow a stationary stochastic pro- 
cess with a trend. As noted, Shiller has argued 
extensively that his results are empirically 
robust with respect to assumption (S2). In a 
parallel fashion, we would argue that they 
are also robust with respect to (S1). That is, 
even if stock prices were irrationally volatile, 
the amount of irrationality required to “save” 
the stationarity hypothesis (S3) is so large 
that the measured five-to-thirteen times ex- 
cess variation in stock prices cannot reason- 
ably be attributed to this source. 

Perhaps the p* test might still be saved as 
a test of stock market rationality if there 
were compelling a priori economic reasons 
or empirical evidence to support a strong 
prior belief that aggregate dividends follow a 
stationary process with a trend. We are, 
however, unaware of any strong theoretical 
or empirical foundation for this belief. In- 
deed, the standard models in the theoretical 
and empirical literature of both financial 
economics and accounting assume that stock 
prices, earnings, and dividends are described 
by nonstationary processes.”! In his analyses 
of the Shiller and other variance bounds 
tests, Kleidon (1983a,b) uses regression and 
other time-series methods to show that the 
hypothesis of stationarity for the aggregate 
Standard and Poor’s 500 stock price, earn- 
ings, and dividend series can be rejected. 

We (in our forthcoming article) develop 
and test an aggregate dividend model based 
on the same Lintner stylized facts used to 
motivate (9) here. In this model, the div- 
idend-to-price ratio follows a stationary pro- 
cess, but both the dividend and stock price 


% In financial economics, the prototypical assumption 
is that the per period rates of return on stocks are 
independently and identically distributed over time. To- 
gether with limited liability on stock ownership, this 
implies a geometric Brownian motion model for stock 
prices which is not, of course, a stationary process. 
There is a long-standing and almost uniform agreement 
in the accounting literature that accounting earnings 
(either real or nominal) can best be described by a 
nonstationary process (see George Foster, 1978, ch. 4). 
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processes are themselves nonstationary. This 
model is shown to significantly outperform 
empirically the univariate autoregressive 
model (with a trend) normally associated 
with a stationary process. These results not 
only cast further doubt on the stationarity 
assumption, but also provide affirmative evi- 


dence in support of the class of dividend ` 


processes hypothesized in Theorems 1 and 2. 

Our model can also be used to reinterpret 
other related empirical findings which pur- 
port to show that stock prices are too vola- 
tile. For example, to provide a more-visual 
(if less-quantitatively precise) representation 
of the “excess volatility” of stock prices, 
Shiller (1981a, p. 422) plots the time-series of 
the levels of actual detrended stock prices 
and the constructed ex post rational prices, 
p*(t). By inspection of these plots, it is read- 
ily apparent that p(t) is more volatile than 
p*(t). Instead of implying “too much” stock 
price volatility, these plots can be interpre- 
ted as implying that the p* series has “too 
little” volatility to be consistent with a divi- 
dend process which is not smoothed. They 
are, however, entirely consistent with ra- 
tional and nonstationary stock prices and 
dividend policies like (9) which smooth the 
dividend process. 

It also appears in these plots that the 
levels of actual prices “revert” toward the p* 
trend line. In the context of (14), this ap- 
parent correspondence in trend should not 
be surprising since p*(t) is in effect a 
weighted sum of future actual prices that 
were, of course, not known to investors at 
time t. The ex post “mistakes” in forecasts 
of these future prices by the market at time t 
are, thus, “corrected” when the subsequent 
“right” prices (which were already contained 
in p*(t)) are revealed.” 

In his latest published remarks on the 
plots of these time-series, Shiller concludes: 


The near-total lack of correspondence, 
except for trend, between the aggregate 


22 The strength of this apparent reversion to trend is 
further accentuated by using the ex post or in-sample 
trend of stock prices to detrend both the actual stock 
price and the p*(1) time-series. 
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stock price and its ex post rational 
counterpart (as shown in Figure 1 of 
my 198la paper) means that essentially 
no observed movements in aggregate 
dividends were ever correctly forecast 
by movements in aggregate stock 
prices! [1983, p. 237] 


This conclusion does not, however, appear to 
conform to the empirical facts. As shown in 
our forthcoming article, the single variable 
that provides, by far, the most significant 
and robust forecasting power of the subse- 
quent year’s change in aggregate dividends is 
the previous year’s unanticipated change in 
aggregate stock price.” 

Shiller (1981a, pp. 425-27) presents a sec- 
ond variance bound test of rational stock 
prices that uses the time-series of “price 
innovations” that he denotes by Sp(t)= 
P(t)— p(t—1)+ d(t—-1)— pp(t-1). Under 
the assumption that detrended dividends 
have a stationary distribution, he derives as a 
condition for rational stock prices that 


(15) Var(d) > Var(6p)|(1+ p)’—1], 


where Var(d) and Var(Sp) denote the sam- 
ple variances of the level of detrended div- 
idends and the innovations of price changes, 
respectively. As reported in Shiller’s cited 
Table 2, the null hypothesis of rational stock 
prices seems, once again, to be grossly 
violated by both his data sets. 

If, however, dividends are generated by a 
process like (9) and rational stock prices 
follow a nonstationary process, then the 
inequality (15) is no longer valid. Moreover, 
in this case, it is likely that inequality 
(15) will be violated. Suppose, for example, 
that the innovations in (detrended) stock 
prices follow a geometric Brownian motion 


3s shown in Fischer and Merton, in addition to 
predicting dividend changes, aggregate real stock price 
changes are among the better forecasters of future 
changes in business cycle variables including GNP, cor- 
porate earnings, and business fixed investment. These 
empirical findings might also be counted in the support 
of the hypothesis of stock market rationality. 


VOL. 76 NO. 3 


e 


given by 


(16) p(t) = op(t—-1)Z(2), 


where {Z(1)} are independently and iden- 
tically distributed random variables with 
£,-;1Z(t)] = 9; €,_,[Z*(t)] =1; «, a positive 
constant and where e, is the expectation 
operator, conditional on information avail- 
able at time ż. It follows from (16) and the 
properties of { Z(t)} that 


T-1 


(17) £ [Var(êp)] -e| 2 renr, 


= o?eg|Var( p)+(5)], 


where p = p*(T) given in (3). 

From the posited dividend process given 
in (13), d(t)/p is a distributed lag of past 
stock prices where the distribution weights 
are nonnegative and sum to unity. Thus, the 
ensemble { d(1)/p } satisfies the hypothesized 
conditions of Theorems 1 and 2. It follows, 
therefore, that Var(d/p) < Var( p). Factor- 
ing out the constant p and rearranging terms, 
the inequality can be rewritten as 


(18) Var(d) < p? Var( p), 


with equality holding only in the special 
limiting case of (13) with d(t) = pp(t). Com- 
bining (17) and (18) and rearranging terms, 
we have that 


(19) 
eo[Var(d)] < pe9[Var( 8p) — 02p°]/0°. 


In sharp contrast to the stationary div- 
idend case in (15) where the variance of 
dividends provides an upper bound on the 
volatility of rational stock price innovations, 
inspection of (19) shows that this variance 
provides only a lower bound on that volatil- 
ity for our dividend process.” Inequalities 


%4 By inspection of (18) and (19), it is evident that the 
strength of the inequality (19) will depend on the degree 
of “dividend smoothing” undertaken by managers. Gen- 
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(15) and (19) are not, of course, mutually 
exclusive for all parameter values. However, 
using the estimated values of Var(dp), P, 
Var( p), and p reported by Shiller for his 
1871-1979 Standard and Poor’s data set, 
and our equation (17), we have that p= 
0.0480 and 6*=Var(Sp)/[Var( p)+ p’) = 
0.0276. Substitution of these values in (15) 
implies that e)[Var(d)] = .0983 e,[ Var(dp)] 
whereas the same values substituted in (19) 
implies that e,[Var(d)] < .0835 e)[ Var(dp) — 
.0276( p)?]. Thus, given these parameter val- 
ues it would appear that any recorded values 
for Var(ôp) and Var(d) would violate one 
or the other variance bound inequalities 
for rational stock price innovations. Hence, 
the empirical finding that Var(d) < 
.0983 Var(Sp)—although inconsistent with 
the stationarity assumption (S3)— is entirely 
consistent with rational stock prices and the 
aggregate dividend process (9). 

We are not alone in questioning the 
specification of the dividend process in the 
Shiller model. In addition to the cited Klei- 
don analyses, Basil Copeland (1983) has 
commented on the assumption of a de- 
terministic trend. In his reply to Copeland, 
Shiller had this to say on the specification 
issue:? “Of course, we do not literally be- 
lieve with certainty all the assumptions in 
the model which are the basis of testing. I 
did not intend to assert in the paper that 
I know dividends were indeed stationary 
around the historical trend” (1983, p. 236). 
We have shown, however, that variance 
bound inequality (4) is critically sensitive to 
the assumption of a stationary process for 
aggregate dividends. If aggregate dividend 
policy is described by a smoothing or averag- 
ing of intrinsic values that follow a nonsta- 
tionary process, then the misspecification of 
stationarity in the dividend process does not 





erally, the larger is N and the more evenly distributed 
the weights { @, } in (13), the smaller will be Var(d) with 
no corresponding reduction in Var(dp). 

?>We surely echo this view with respect to our own 
dividend model (9). We do not however, assert that the 
variance bound condition of Theorems 1 and 2 provides 
a reliable method for testing stock market rationality. 
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just weaken the power of this bound as a test 
of stock market rationality—it destroys it 
—because in that case the fundamental in- 
equality is exactly reversed. 

In summary, the story that dividends fol- 
low a stationary process with a trend leads 
to the empirical conclusion that aggregate 
stock prices are grossly irrational. It has, 
therefore, the deep and wide-ranging impli- 
cations for economic theory and policy that 
follow from this conclusion. The majority of 
empirical tests of the efficient market theory 
do not, however, concur with this finding. 
Hence, to accept this dividend story, we 
must further conclude that the methodolo- 
gies of these tests were sufficiently flawed 
that they failed to reject this hypothesis in 
spite of the implied substantial irrationality 
in stock prices. Similar flaws must also be 
ascribed to the extensive studies in finance 
and accounting that claim to show earnings, 
dividends, and stock prices follow nonsta- 
tionary processes. If, however, this dividend 
story is rejected, then the empirical violation 
of inequalities (4) and (15) implies nothing 
at all about stock market rationality. In the 
spirit of Edward Leamer’s (1983) discussion 
of hypothesis testing, we therefore conclude 
that the Shiller variance bound theorem is a 
wholly unreliable test of stock market ra- 
tionality because, as Leamer said, “...there 
are assumptions within the set under con- 
sideration that lead to radically different 
conclusions” (p. 38). 


II. Overview and Conclusion 


In the previously cited reply to Copeland, 
Shiller proclaims: 


The challenge for advocates of the effi- 
cient markets model is to tell a con- 
vincing story which is consistent both 
with observed trendiness of dividends 
for a century and with the high volatil- 
ity of stock prices. They can certainly 
tell a story which is within the realm of 
possibility, but it is hard to see how 
they could come up with the inspiring 
evidence for the model. [1983, p. 237} 


We believe that the theoretical and empirical 
analysis presented here provides such “in- 
spiring evidence.” 
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In general, the statistical properties of 
estimators drawn from a nonstationary pop- 
ulation are an important matter in evaluating 
the significance of variance bound inequality 
violations.” As it happens, our reconciliation 
of the gross empirical violations of Shiller’s 
variance bound inequalities is not based on 
sampling arguments. That is, we do not 
merely show that it is possible to have a 
chance run of history where the measured 
volatility of dividends is greatly exceeded by 
the measured volatility of rational stock 
prices. Instead, our “reversals” of variance 
bound inequalities (4) and (15) are based on. 
expected values over the population. Thus, 
over repeated runs of history, we expect that, 
on average, these inequalities would be 
violated. 

If our results seem counterintuitive to 
some, then perhaps this indicates that such 
intuitions about volatility relations between 
optimal forecasts and realizations are im- 
plicitly based on the assumption of sta- 
tionary and linear processes. If so, we hope 
that this analysis serves to illustrate the 
potential for cognitive misperceptions from 
applying such intuitions to nonstationary 
systems. 

Economists have long known that fluctua- 
tions in stock prices are considerably larger 
than the fluctuations in aggregate consump- 
tion, national income, the money supply, and 
many other similar variables whose expected 
future values presumably play a part in the 
rational determination of stock prices. In- 
deed, as noted in the introduction, we sus- 
pect that the sympathetic view held by some 
economists toward the proposition of excess 
stock market volatility can largely be traced 
to this long-established observation. Those 
who make this inference implicitly assume 
that the level of variability observed in these 
economic variables provides the appropriate 


Kenneth West (1984) and N. Gregory Mankiw 
et al. (1985) derive variance bound inequalities which 
appear to apply to nonstationary processes for prices 
and dividends. Using the Shiller data, Mankiw et al. find 
their inequalities are grossly violated. By studying the 
statistical properties of their estimates, Merton (1986) 
shows that the Mankiw et al. tests cannot be reliably 
applied when stock prices follow diffusion processes 
such as the geometric Brownian motion. 
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frame of reference from which to judge the 
rationality of observed stock price volatility. 
Although quantitatively more precise, the 
Shiller analysis adopts this same perspective 
when it asks: “If stock prices are rational, 
then why are they so volatile (relative to 
dividends)?” The apparent answer is that 
stock prices are not rational. 

Our analysis turns this perspective “on its 
head” by asking: “If stock prices are ra- 
tional, then why do dividends exhibit so 
little volatility (relative to stock prices)?” 
Our answer is simply that managers choose 
dividend policies so as to smooth the effect 
of changes in intrinsic values (and hence, 
rational stock prices) on the change in div- 
idends. The a priori economic arguments 
and empirical support presented for this 
conclusion surely need no repeating. We 
would note, however, that this explanation is 
likely to also apply to the time-series of 
other economic flow variables. There are, for 
example, good economic reasons for be- 
lieving that aggregate accounting earnings, 
investment, and consumption have in com- 
mon with dividends that their changes are 
smoothed either by the behavior of the eco- 
nomic agents that control them or by the 
statistical methods which are used to mea- 
sure them. An initial examination of the data 
appears to support this belief. If a thorough 
empirical evaluation confirms this finding, 
then our analysis casts doubt in general over 
the use of volatility comparisons between 
stock prices and economic variables which 
are not also speculative prices, as a method- 
ology to test stock market rationality. 

In summary of our view of the current 
state of the debate over the efficient market 
theory, Samuelson said it well when he ad- 
dressed the practicing investment managers 
of the financial community over a decade 
ago: 


Indeed, to reveal my bias, the ball is 
in the court of the practical men: it is 
the turn of the Mountain to take a 
first step toward the theoretical Mo- 
hammed.... 


...If you oversimplify the debate, it 
can be put in the form of the question, 
Resolved, that the best of money 
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managers cannot be demonstrated to 

be able to deliver the goods of super- 

ior portfolio-selection performance. 
Any jury that reviews the evidence, 
and there is a great deal of relevant 
evidence, must at least come out with 
the Scottish verdict: 

Superior Investment performance is 
unproved. (1974, pp. 18-19] 


Just so, our evidence does not prove that the 
market is efficient, but it does at least war- 
rant the Scottish verdict: i 
Excess stock price volatility is unproved. 
The ball is once again in the court of those 
who doubt the Efficient Market Hypothesis. 


APPENDIX 
PROOF of Theorem 1: 
Define [I as the T X K matrix of elements 


m, in Theorem 1, so that p* =T1p. We show 
that the following three conditions 


(A1) Tik >0 


T 
(A2) }ia,=1 forall t=1,...,T 
k=1 


T 
(A3) }ia,<1 forall k=1,...,T 
t=1 r i 


are sufficient for 


(A4) ` Var([Ip) < Var( p), 


where Var(x) is defined as the sample vari- 
ance operator applied to the elements of x. 


LEMMA: Any given p can be decomposed as 
put p where p is the sample mean, v is a 
vector of ones, and p is the vector of deviations 
of the elements of p about p. Then, 


- 1 > 
(as) pT(r-zw)i<pp 
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implies 
1 
p(t — z"o 


(A6) Var(llp) = z 


1 

p[i - z) P 
s T Var( p) 
under condition (A2) where Var(IIp) is com- 
puted with respect to the T elements of Ip, 
and Var(p) is defined with respect to the T 
elements of p. If the matrix TI is rectangular 
of dimension T X X, then the additional con- 
straint El m, ST/K is sufficient for equa- 
tion (A6). 
PROOF: 

Substitute the decomposition p = pı + p 
into (A5) and realize that (I -1/Tw’) pi = 0 
and (J —1/Tw Ip = 0. 


To prove Theorem 1, define the norm: 
2 
(A) WI? = (Laude) - 
tk 


Since the function f(u) =u? is convex, it 
follows that if p,,>0 and L,1,, =1, then, 


2 
(A8) (Eru?) Sim, BR, 
k k 
so 
(A9) (TAI? < © rp? 
i k 
=} p} m, Wis 
k t k 


(The last inequality in (A10) is strict if D,7,, 
<1). Equation (A9) can be rewritten as 


(A10) 
Also, 


ITIS < I8 


1 
(A11) pmf - zvo < IFIS]. 


(A10) and (A11) together imply (A5) which, 
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by the Lemma, implies (A6), that is, 
(A12) Var(Flp) < Var( p). 


PROOF of Theorem 2: 

Using the definition of the (detrended) 
ex post rational price, p*(t), given in (5), 
and allowing (detrended) dividends to be a 
general distributed lag of (detrended) prices 
as in (13), ex post rational prices can be 
expressed in terms of the observed and pre- 
sample (detrended) prices as 


p"(T=1)p*(T-2) 


(A13) p(T-3) 
p*(1) 
n.n 0...0 
1 n... 0...0 
=({—| n... 0...0 
T}. ; 
nT... nT 0...0 
n 0...0 
n? 0...0 
+po| n n? %...0 
n” yt} n? 0 
bo O,...8y 0...0 0...0 
O oO Oy 0O 0...0 
x 6, 0 0 
0 0 60, 0...0 
0 0...0 0...0) 04...0y 
p(T-1) 
p(T-2) 
x| p(1) 
p(-1) 
p(-N) 
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where 7 = (1+ 2)/0+7r) =1/0+76)= 
1/(1 + p) (the first identity follows from the 
definition of ņ in (1), the second from fn. 15, 
and the third from the definition of p in 
(15)) and the level of dividends is a distrib- 
uted lag of the level of past prices, as in (13), 
that is, d(t) = pLN_,6, p(t — k). 

Equation (A13) may be conveniently re- 
written as 
(A14) p*=[4,+40]p 

where A, is the first matrix on the right-hand 
side of (A13), that is, the matrix that involves 
multiplication by the scalar 1/7), A, is the 
next matrix, that involves multiplication by 
the scalar p, and © is the matrix that con- 
tains the elements @,, 6,,...,6,. The weights 
in the matrix A, reflect the contribution 1/T 
of each of the observed prices [p(T —1), 
`... p(0)] to p*(7) in accordance with (3), 
together with the weight [1/(1+ p)]7~‘ at- 
tached to p*(T) in the determination of p*(t) 
in (5). The matrix A, contains the discount 
weights that (5) places on dividends as com- 
ponents of each p*(t), while © contains the 
distributed lag weights of dividends on past 
prices, as given in (13). Using these defini- 
tions of A,, A, and @, (A14) is equiva- 
lent.to 
(A15) p*=Wp, 

where W = [w,,], the w, being those defined 
in (14). 

It may be verified that the component A, 
of the transformation matrix W is irrelevant 
to the application of Theorem 1 (because the 
proof ‘proceeds in terms of p, the deviations 
of the elements of p about p). The elements 
of A, are positive and sum to unity or less 
across the rows, and if @=J, or © is such 
that column elements of 4,0 sum to less 
that T/(T + N) if O + J, then the conditions 
of Theorem 1 are satisfied, and we have 
(A16) Var( p*) < Var( p). 

In the market rationality tests, the vari- 
ance of the ex post rational prices is com- 
pared not to the variance of the (T+ N) 
vector of T observed and N presample prices, 
but to the variance of only the T observed 
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prices. Partitioning of the (T+ N) prices 
into in-sample and out-of-sample prices, it is 
straightforward to show that 


(A17) Var( p*)/Var( pr) <1 


+ T.N (Pr- Py) 
(N+T) Var(pr) 


= N Var( pr) — Var( py) 
(N+T) Var( pr) ‘ 


T-1 
where pr= $ p(t)/T; 
t=0 


-1 
Py= DX Pt)/N; 
N 


t=— 


T-1 


Var( p7) = È (p(s) pel’? 


Var(px)= E (p(t) Pul’/W. 


The sum of the last two terms on the 
right-hand side of (A17) can be positive for 
some sample paths. However, if N is finite, 
and the nonstationary process for prices is 
not degenerate, then it is clear that the start- 
up adjustment terms in (A17) converge in 
mean square to zero as T —> œ. 
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The Marsh-Merton Model of 
Managers’ Smoothing of Dividends 


By ROBERT J. SHILLER* 


The fact that firms seem to follow an 
earnings payout policy that results in a 
“smoothed” dividend stream has often been 
brought up in criticism of the variance in- 
equality tests that I used (1981a) to call into 
question the simple efficient markets model. 
It seems that the smoothing lowers the vari- 
ance of detrended real dividends, and this 
may account for the apparent inadequacy of 
dividends movements to account for price 
movements. The fact that the present value 
of actual dividends p* is itself a moving 
average of dividends d, and hence a 
smoothed version of dividends, is also 
brought up in criticism of the inequality that 
‘involves p*. However, dividend smoothing 
or the smoothing implicit in p* does not 
pose any problems for the theoretical volatil- 
ity inequalities. As long as (real detrended) 
price p is the present value of expected (real 
detrended) dividends d, then the dividends, 
whether they are smoothed or not, must 
move enough according to the measures in 
the inequalities if the price movements are to 
be justified. 

Terry Marsh and Robert Merton (1986) 
use arguments relying on the above-noted 
smoothing relations to show a sense in which, 
for sample variances, the variance inequali- 
ties in my paper may be thought of as re- 
versed. Marsh and Merton model the behav- 
ior of those decision makers who set the 
level of dividends; the model (13) in their 
paper is a dividend smoothing model. More- 
over, the proof of their Theorem 2 also makes 
use of the smoothing implicit in p*. How- 
ever, the feature of the model that causes the 
variance inequalities to be invalidated is not 
the smoothing per se, but the nonstationarity 
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in dividends that is induced by the particular 
dividend smoothing rule (13). 

Substituting their equation (13) into their 
equation (2) and then into their equation (1), 
we find , 


a) p(t) 
oo N 
= pE, x nt! 


2 Opera =k) 


This is a rational expectations model whose 
characteristic polynomial has a unit root 
—since the right-hand side coefficients sum 
to one. Stochastic processes p(t) that sat- 
isfy it will show no mean-reverting tenden- ` 
cies. Adding a constant to p(t) for all ¢ will 
not change the path of changes in p, since 
the constant would drop out of the above 
equation. This is so whether or not the 6(k) 
are all positive (so that dividends are 
smoothed). The nonstationarity would occur 
as well for any pattern of 0(k). (That £0(k) 
=1 is not an assumption with content but 
restricts (13) as a result of the way detrend- 
ing is done.) When the population variance 
is infinite, the sample variance (which is of 
course always finite) is necessarily a down- 
ward biassed measure of the population 
variance which enters the theoretical in- 
equalities. : 

It is easiest to see what their model is 
doing by considering the special case N = 0, 
so that d(t) = 6rp(2). A solution to the above 
rational expectations model then occurs if 
price p(t) and dividend d(t) are random 
walks. Now the sample variance over an 
interval of time of a random walk or the 
moving average of a random walk tends to 
increase without bound as the length of the 
sample interval is increased. It is thus possi- 
ble that the efficient markets model could be 
true and still the variation in the dividend in 
any sample would appear inadequate (rela- 
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tive to the inequality Var( p*) > Var(p)) to 
justify the variation in price. Essentially, the 
variation in price over the sample could be 
justified by looking at the higher variance of 
dividends as measured in terms of Var( p*) 
over a longer sample period. But, of course, 
if one computed the variance in price p over 
the longer sample period as well, one would 
find that it was increased, too, so that the 
problem of apparent inadequacy of dividend 
variability would reappear. 

This possibility would not appear relevant 
to understanding the behavior of the actual 
dividend and price series that we observe. If 
one looks at a plot of detrended dividends 
(see my 1981b article) one will see that it 
appears to be quickly and repeatedly mean 
reverting. If the trend of dividends is esti- 
mated (by regressing log dividend on time) 
separately for the two halves of the sample 
(1871 to 1924 and 1925 to 1978), the esti- 
mated coefficients of time for the two halves 
are almost identical: 1.18 and 1.33 percent. 
The standard deviations of the (separately) 
detrended dividends in the two halves are 
1.07 and 1.41, respectively, which compare 
nicely with 1.27 for the whole sample. 

Of course, the nonstationarity of divi- 
dends does not necessarily have to be obvi- 
ous from the sample for it to justify the 
violation of the variance inequalities in the 
sample. Marsh and Merton could be right in 
their model of dividend setting. To say they 
are clearly wrong in their interpretation of 
the variance inequalities would require that 
their model be rejected at high confidence 
levels. A simple Dickey-Fuller test was pre- 
sented in my 1981b article that rejected at 
the 5 percent level a random walk model of 
log dividends in favor of a model of sta- 
tionary movements around a trend.’ How- 


1Allan Kleidon (1986) did such a test using only data 
since 1926 and was unable to reject the random walk 
model at the 10 percent level. Throwing away half of 
the data (which he justified on the grounds of possible 
data errors in the earlier data) of course loses power. 
The data error problem is, incidentally, one against 
which the variance inequalities were meant to be robust; 
it is unfortunate that the problem is being reintroduced 
for the objective of evaluating stationarity. 
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ever, that evidence does not tell us whether a 
more complicated model along the lines of 
the general model in the Marsh-Merton 
paper could be rejected.? More generally, it 
seems intuitively implausible that estimating 
arbitrary time-series models within the sam- 
ple will conclusively answer the fundamental 
question whether dividends are potentially 
much more variable than they were in the 
sample. | 

Marsh and Merton, incidentally, put no 
error term in (13) and so the model can be 
rejected with certainty. If they had included 
an error term, then the senses in which they 
see reversals of the variance inequalities 
would not be exactly right, but probably 
something of their spirit could be correct. 

Of course, the stationarity assumption that 
I made in my earlier papers can’t be exactly 
right either. One does not expect that the 
dividend process will stay right along the 
same exponential trend growth path forever. 
But, as with all modeling, the hope is that 
the model is sufficiently close to reality that 
the tests based on it are not fundamentally 
misleading. Indeed, some models of nonsta- 
tionary dividends will give approximately the 
same volatility tests. The question is whether 
the Marsh-Merton story is sufficiently com- 
pelling that we think that the potential vari- 
ability of dividends suggested by their model 
is a better measure of the true variability 
than is the historically observed variability 
around a trend. 

The possibility that sample variances might 
not properly measure the population vari- 
ances has been discussed a lot, even in my 
original paper (1981a) and that of Stephen 
LeRoy and Richard Porter (1981), but the 
specific issues that have been brought up are 
not usually those in the Marsh-Merton paper. 
Issues that have been tossed out as possibili- 
ties are such potential events that might 
dramatically change dividends in the future 
as oil crises, changes in tax laws, law suits, 
or nationalizations. In the Marsh-Merton 


2G. William Schwert (1985) has warned of the 
dangers of using these tests for unit roots when in fact 
the true process has a moving average component. 
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paper, all that is modeled is the rule-of- 
thumb dividend practice of managers, as a 
feedback on past prices of shares. In each 
period their own dividend-setting behavior 
affects price and, then in the next time period, 
they respond mechanically to the changed 
price as if they didn’t realize that they them- 
selves had changed it in the preceding period. 
The nonstationarity of dividends arises be- 
cause of this feedback mechanism. No rea- 
son is offered why managers ought to be 
expected to do this: the model is justified 
only as a possible example of what Merton 
Miller (1977) called a “neutral mutation.” 
Yet the theory that dividend payouts have 
no economic significance is belied by the fact 
that stock prices do move in response to 
dividend announcements. 

It’s a good idea to be a little suspicious of 
the use Marsh and Merton made of their 
simple model of dividend-smoothing behav- 
ior; that is, to demonstrate the importance 
of dividend nonstationarity. The basic idea 
of the model was purportedly envisioned by 
John Lintner (1956) as he sought to quantify 
what he had learned in interviews with those 
who decide on dividends. Interviews are use- 
ful adjuncts to efforts to model of human 
behavior, and I have used such interviews 
myself for this purpose. But we must bear in 
mind how vulnerable to error such methods 
are, and how we must work at the process of 
quantifying what we have learned: from in- 
terviews. The Lintner model, as he wrote it 
down, worked out to be a Koyck-distributed 
lag model (the fashionable new econometric 
model in the mid-1950’s) relating two readily 
available series: nominal dividends and 
nominal earnings. He did experiment with 
other formulations, but it is natural to sus- 
pect that the model might have preceded the 
interviews at least in part. The model may 
not be robust enough to allow consideration 
of the basic stationarity issue central to this 
paper. 

Earning retentions are modeled by Lintner 
and Marsh and Merton as having nothing to 
do with internal investment opportunities of 
the firm. Yet Lintner noted (p. 104) that in 
his interviews such opportunities were among 
the “important factors” that managers dis- 
cussed in connection with their dividend 
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payout decisions. Moreover, investment op- 
portunities have figured largely in other dis- 
cussions of payout ratios (see, for example, 
Stewart Myers, 1984). Retained earnings are 
in fact used primarily for internal investment 
in the firm; rarely have they been used to 
buy back shares. If firms are more or less 
restricted to internal investments, then their 
growth is limited by the growth allowed by 
these opportunities. 

The Marsh-Merton model (13) is not the 
same as Lintner’s, in that “permanent earn- 
ings” (i.e., price) replaces earnings, and real 
rather than nominal values are used. It’s 
worthwhile, then, to check its fit. I regressed 
(using the Standard and Poor data 1891- 
1979 from my 198la paper) d on a con- 
stant, time, and p with 21-year (for N = 20) 
second-degree polynomial distributed lag on 
p. The first distributed lag coefficient was 
freed from the polynomial constraint and a 
Cochrane-Orcutt serial correlation correc- 
tion was used. The R-squared (squared cor- 
relation between d and its predicted value) 
was only .70. Both time and a constant term 
were omitted from the Marsh-Merton model: 
in this regression time was significant at the 
10 percent level and the constant was signifi- 
cant at the 5 percent level. Time had a small 
negative coefficient and the constant term 
was positive. Most of the explanatory power 
comes from the contemporaneous value of 
p. These results might be construed as not 
necessarily contradicting the spirit of the 
Marsh-Merton analysis, but contradicting 
their specific claims for reversal of inequali- 
ties. 

Even if we suppose that the Marsh and 
Merton analysis is basically sound, it may 
still be that the large violation of the vari- 
ance inequalities that were observed may 
reflect some problem with the model. Marsh 
and Merton claim to give reasons to expect 
that o(p) 2> o(p*) in the sample, but the 
actual sample standard deviation of p was 
5.6 times greater than that of p*. Recent 
papers by Marjorie Flavin (1983) and Allan 
Kleidon (1986) show examples of stochastic 
processes in which violation of the variance 
inequalities is probable but extreme viola- 
tions of them are improbable. Kleidon, for 
example, found that even in a random walk 
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case for log dividends the probability that 
o( p)/a( p*) is greater than 5 in a sample of 
100 observations with a discount rate r of 
.065 (or very nearly the .0636 used in the 
computation of p* in my 198la paper) is 
only .148.3 l 

It’s important, however, not to dwell too 
long on the unit roots problem as it affected 
early tests of excess volatility of stock prices. 
Other ways of detrending stock prices that 
may deal satisfactorily with such non- 
stationarity are in the literature. Gregory 
Mankiw et al. (1985) noted that if we define 
P(t) as any variable in the public in- 
formation set at time ¢, and writing P*(t)— 
P(t) = (P*(t) — P(t) + (P(t) — PPO), 
then the efficient markets model implies that 
the two expressions in parentheses on the 
right-hand side must be uncorrelated. Thus: 


(2)  Var( P*— P?) >Var( P*— P), 
(3)  Var( P*— P°) > Var( P — P°). 


Kenneth West (1984) showed that the vari- 
ance of the innovation P(t) = P(t)+ 
D(t —1)—(1+r)P(t—1) must be less than 
or equal to the variance of the one-period 
forecast error for P* using a forecasting 
model based on any subset of the public 
information set. (John Campbell, in unpub- 
lished work, showed that the West inequality 
follows from the Mankiw et al. inequalities 
using the fact that P*(t)— P(t)=L(k= 
1, o)SP(t + k)/(1+7r)*.) Both Mankiw 
et al. (using P} = D'/r) and West (using an 
autoregressive model for the first differ- 
ence of dividends) found violations of their 
variance inequalities, and their results are 
not vulnerable to criticisms that the series 
should be differenced to induce stationari- 
ty. Campbell and I (1985), using a variance 


3See Kleidon’s Table 2, second to the last row. He 
describes this result as showing that gross violations of 
the variance inequalities are not improbable. It is true 
that for r=.05, the probability he gives for the log 
random walk case that o( p)/o( p*) > 5 in a sample of 
100 is .40. Thus, the main hope for Kleidon’s argument 
would seem to be that the discount rate is lower than 
was assumed in my paper. 
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inequality analogous to West’s, found evi- 
dence of excess volatility in the context of a 
cointegrated model of D and P.* Al of these 
violations of the variance inequalities were 
less dramatic than in my original paper. 

It should be noted that it is possible that 
one may save the general notion of efficient 
markets by a route very different from that 
taken by Marsh and Merton, by attributing 
the variability of stock prices to changes in 
the discount rate rather than to the variabil- 
ity of expectations of future dividends. How- 
ever, if changing discount rates were to be 
responsible for the major movements in stock 
prices, then one would expect that there 
would be substantial comovements between 
the stock market and the prices of long-term 
bonds, land, and housing. Such comove- 
ments do not seem to be in evidence. I still 
think that there may be an element of truth 
to such alternatives, and that more work on 
models along these lines may be a route 
toward bringing this out. 

We should, on the other hand, not put too 
much hope for optimizing models of any 
sort in the explanation of stock price fluctua- 
tions. What we know about human psy- 
chology, changes in attitudes, fashions and 
fads, suggests otherwise. There is really ab- 
solutely no reason to think that movements 
in the aggregate stock market can be inter- 
preted in terms of fundamentals. There is 
unfortunately a widespread misconception 
that any role for changing fashions or the 
like in determining financial asset prices has 
been soundly disproved by many statistical 
tests of market efficiency. Marsh and Merton 
perpetuate this misconception when they say 
of these tests that “there are only a few 
which reject market efficiency.” Many of 
these tests have low power against a fads 
alternative. The kind of evidence we might 
expect to find given a fads alternative ap- 
pears to be. there (my 1986 paper, or 
Lawrence Summers, 1986). There is, it should 
be noted, also really no reason a priori to 


4Kleidon has also tested some “conditional” vari- 
ance inequalities, and did not find evidence of excess 
volatility. 
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think that stock prices are excessively vola- 
tile relative to the efficient markets model. 
Just because people probably misprice stocks 
in alternating waves of interest and disinter- 
est does not necessarily imply that stock 
prices are more volatile than would be im- 
plied by fundamentals. There is some uncer- 
tainty about the ultimate significance of the 
violation of the variance bounds inequalities. 
But there is no reason to continue putting so 
little research attention onto behavioral 
models of financial markets, awaiting the 
day when evidence against market efficiency 
is so Clear as to allow a jury of randomly 
chosen citizens to reach a unanimous deci- 
sion against them. Research should try to be 
a step or two ahead of that, and this means, 
I think, working more now to combine mod- 
ern financial theory with behavioral alterna- 
tives. 
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What Will Take the Con Out of Econometrics? 
A Reply to McAleer, Pagan, and Volker 


By Tuomas F. COOLEY AND STEPHEN F. LERoY* 


Our 1981 paper, criticized by Michael Mc- 
Aleer, Adrian Pagan, and Paul Volker (1985), 
made two points. First, we argued that 
specification uncertainty renders suspect 
practically any but the weakest inference 
about the interest elasticity of money de- 
mand. Second, we contended that there is no 
credible reason to imagine that simultaneity 
problems are adequately dealt with in exist- 
ing studies of money demand. Now, if Mc- 
Aleer et al. had wanted to make a truly 
effective criticism of our paper, they might 
have pointed out that if the second point is 
granted, the first does not follow. The 
Leamer-Leonard method for ascertaining 
fragility is based on the maintained assump- 
tion that the error is orthogonal to all the 
candidate regressors—precisely the assump- 
tion that we criticized in the second half of 
our paper. Had McAleer et al. argued along 
these lines, we would have been hard put to 
come up with a convincing reply. It is true 
that we suggested (p. 827) that extreme 
fragility is evidence of serious simultaneity 
problems. We suspect, however, that this 
argument would not bear close examination, 
except perhaps in special cases or as a loose 
statement of why we were motivated to think 
about simultaneity problems. Our argument 
reflected the rhetorical exigencies of a dif- 
ficult transition, rather than any line of rea- 
soning we could readily make precise. We 
are surprised that no one has called us on 
this point. 

McAleer et al., of course, could not pursue 
these lines without invalidating their own 
purported contribution, which consists of at- 
tempting to rehabilitate one-equation-at-a- 
time estimation despite the fact that the 
equations being estimated are presumably 
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embedded in simultaneous equation systems. 
It is therefore no surprise that McAleer et al. 
ignored our invitation to engage in a serious 
discussion of macroeconometric practice, 
given that their ox would be gored more 
than ours. 

McAleer et al. either have an understand- 
ing of the nature of simultaneous equations 
estimation very different from ours, or they 
completely misunderstood our argument. For 
example, consider their Section IV, Part A, 
where they found it strange that we deleted 
the lagged value of the money stock as an 
explanatory variable for the current money 
stock despite our expressed opinion that 
“such lagged endogenous variables as the 
lagged money stock...cannot plausibly be 
excluded from the demand side either ex- 
plicitly as observable explanatory variables 
for the demand for money or implicitly from 
the time dependence of the error” (p. 840). 
Our intention in the passage just cited, con- 
trary to McAleer et al.’s interpretation, was 
not to criticize estimates of money demand 
(such as our own) that exclude the lagged 
dependent variable. Rather, it was to cast 
doubt on the presumption that lagged mon- 
ey could plausibly serve as an instrument 
for the interest elasticity of money demand, 
as has widely been recommended. Despite 
the simplicity of this argument, McAleer 
et al. completely misread it, finding only that 
it is “strange” that even though we conceded 
that m_, should in principle enter the mon- 
ey demand equation, we nonetheless sup- 
pressed it from an ordinary least squares 
equation. 


I 


Let us suppose, contrary to what we argued 
in our 1981 paper, that simultaneity prob- 
lems can magically be assumed away. Thus 
assume that even though we do not know 
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what the correct explanatory variables’ are, 
we are nonetheless sure that the unobserved 
determinant of money demand is statistically 
independent of these variables. Thus there is 
no problem with ordinary least squares. 
These were the conditions assumed in the 
first half of our paper, and throughout by 
McAleer et al. Our suggestion was simply 
that specification uncertainty be explicitly 
acknowledged, and that the sensitivity of the 
estimated interest elasticity to respecifica- 
tions be assessed using the methods devel- 
oped by Leamer and others. Our idea was to 
encourage econometricians to report priors 
explicitly so that readers can compare their 
own priors to those of the econometrician 
and evaluate the results accordingly. 

This suggestion appeared uncontroversial 
to us, but apparently not to McAleer et al. 
They are troubled by the fact that different 
extreme bounds can result from different 
classifications of variables as doubtful or 
free. They conclude that since assessments of 
fragility depend on a “whimsical” choice of 
priors, such assessments are altogether unre- 
liable. We are mystified by this criticism. It 
is indeed true that different priors lead to 
different posteriors—what would be the 
point of Bayesian econometrics if it were 
otherwise? Prior beliefs are by definition 
treated as given; what is gained by calling 
them whimsical? McAleer et al. appear to 
suppose that there is some way to dispense 
with prior beliefs in doing statistical in- 
ference, so that a data set can be made to 
reveal a single correct inference with the 
appropriate application of statistical tech- 
nique. On the contrary, both Bayesian and 
classical statistics of the Cowles variety de- 
pend essentially on prior information. The 
conclusion that an inference is fragile is not 
some kind of descriptive fact, as McAleer 
et al. presume, the validity of which can be 
impugned if it is shown to depend on a 
whimsical choice of priors. Rather, the 
fragility of an inference is conditional on the 
choice of prior. It is precisely the virtue of 
Leamer’s method, not its fault, that it relates 
fragility to prior beliefs. 

McAleer et al. found fault with extreme 
bounds analysis because no account is taken 
of prior beliefs about the signs of coeffi- 
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cients; instead variables are classified only as 
doubtful or free. Here again we are unper- 
suaded. One of the most important tasks of 
empirical econometrics is the verification (or 
falsification) of sign priors. Now, if the reader 
knows that in the process of arriving at a 
preferred specification the econometrician 
has incorporated his (or her) prior beliefs 
about the signs of coefficients, as by deleting 
variables which have “wrong” signs, will he 
(or she) be persuaded by a report of an 
estimated equation in which all coefficients 
have the “right” sign? We doubt it. It is 
exactly because it is (in many contexts) so 
easy to find in the parameter space a regres- 
sion that reproduces prior beliefs that read- 
ers are routinely unimpressed by reports of 
“success” in estimation. 

Having demonstrated, at least to our 
satisfaction, that McAleer et al.’s reserva- 
tions about extreme bounds analysis are 
without substance, we must acknowledge that 
one of their criticisms of our application of 
extreme bounds analysis is correct, and it is 
not minor. Just as they suggested, we treated 
the constant term as doubtful. This was in- 
advertent; since we are not aware of any 
theory that could justify suppression of the 
constant, it should be treated as free. Mc- 
Aleer et al. repeated our calculations with 
this correction and found that the extreme 
bounds are near zero. The interpretation is 
that our data and priors justify a confident 
conclusion that the interest elasticity of 
money demand is approximately zero, not 
that any inference about this parameter is 
fragile. Since McAleer et al. successfully 
duplicated our results, we have no doubt 
that their calculation is correct. But the con- 
clusion that the interest elasticity of money 
demand is zero reflects the exclusion of 
lagged terms from our regressions. We sup- 
pressed dynamics because their inclusion 
would only widen extreme bounds which, we 
(incorrectly) believed, were already very 
wide. Since we have not recalculated the 
extreme bounds under a less stringent re- 
striction on priors, we must concede that we 
have not demonstrated the correctness of 
our contention that, on reasonable priors, 
any inference about the interest elasticity of 
money demand is extremely fragile. 
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The question arises whether McAleer 
et al.’s rejection of our strictures on conven- 
tional estimation practices means that they 
accept these practices. Although there is no 
necessary reason for one to imply the other, 
examination of McAleer et al.’s proposed 
procedure for arriving at a “tentatively ade- 
quate” money demand equation reveals that 
they do in fact accept received practice, sub- 
ject to some new bells and whistles which are 
discussed below. They ignore simultaneity 
problems, and see nothing undesirable in the 
informal and unsystematic infusion of prior 
information during the estimation process. 
Indeed, they recommend it. Our 1981 paper, 
of course, criticized received practice on ex- 
actly these two points. As an example of 
McAleer et al.’s casual incorporation of prior 
information, we need do no more than con- 
sider their choice of sample period. Their 
data set ended twelve years ago. Why not 
use more recent data? Because “a large num- 
ber of studies have experienced difficulty in 
estimating conventional money demand 
functions for the post-1973 period” (p. 302). 
This explanation, accompanied by a nod in 
the direction of financial innovation (the al- 
leged cause of the unruly money demand 
equations estimated from more recent data), 
appears to McAleer et al. sufficient to justify 
truncating the data set to the convenient 
1952-73 period for which “satisfactory” 
estimated money demand equations are a 
dime a dozen. Plus ça change, plus cest la 
même chose. 

Beginning with this informal choice of an 
adequate data set, McAleer et al. approach 
the problem of modeling money demand as 
a four-step process: 1) begin with an over- 
parameterized model; 2) attempt to restrict 
the number of parameters in that model 
using tests for common dynamic structure in 
the variables; 3) set to zero all coefficients in 
the restricted model that are insignificant; 
4) perform a battery of diagnostic tests to see 
if the model passes quality control. The first 
three steps in this process reflect McAleer 
et al.’s version of David Hendry’s (1980, 
1983) philosophy of modeling “from the 
general to the specific.’ The line of rea- 
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soning that underlies this approach is that 
sequences of properly nested tests can be 
treated as independent. Thus, by nesting tests 
in this way, the overall significance level of 
the tests can be controlled. This feature, 
however, is not going to be very important 
when the tests at each stage have low power 
against reasonable alternatives, as do those 
used by McAleer et al. Moreover, properly 
nesting tests requires setting in advance fixed 
criteria for accepting restrictions, not look- 
ing at a collection of ¢-statistics and making 
arbitrary decisions about which variables to 
delete. The end result of the McAleer et al. 
procedure is a simplified model that repre- 
sents just one of many possible paths through 
the thicket of restrictions. 

It should also be clear that the general-to- 
the-specific approach, while it may have some 
benefits when properly executed, is philo- 
sophically at odds with structural economet- 
ric estimation. The latter requires one to 
begin with a model that is subject to identi- 
fying and possibly overidentifying restric- 
tions. In the former approach one begins 
from an overparameterized model and iden- 
tification and exogeneity restrictions play no 
particular role. Viewed as a nonstructural 
model, however, the initial single equation 
considered by McAleer et al. is too narrowly 
conceived. Considering that the variables 
being modeled consist of money, GNP, in- 
terest rates, inflation rates and wealth, all 
likely to be jointly endogenous, a vector 
autoregression would be a more appropriate 
overparameterized nonstructural model. 

The final step of the modeling procedure 
advocated by McAleer et al. is designed to 
confront the model with a variety of prob- 
lems and performance criteria to see how 
well it holds up. Here the authors make a 
complete about-face on modeling philoso- 
phy. They switch to a specific-to-the-general 
modeling approach by testing whether the 
model should be generalized to include a > 
group of variables not considered previ- 
ously; seasonal variables, additional lags, 
trends and so on. It is not clear (because it is 
never discussed) why these variables were 
not included in the initial overparameterized 
model. At this stage, McAleer et al. also act 
as though they have been dealing with a 
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structural model by reporting the results of a 
test for simultaneous equation bias even 
though the test requires candidate instru- 
mental variables, and is consequently appli- 
cable only in the presence of identifying 
restrictions. 

Finally, McAleer et al. report the fact that 
although their model “gave satisfactory per- 
formance up to 1973, just like automobiles, 
age finally caught up with it, and after that 
date its predictive performance declined 
dramatically” (p. 305, fn. 11). This might 
lead the unwary reader to conclude that 
their equation fails one of the diagnostic 
tests the importance of which they stress: 
out-of-sample prediction. On the contrary; 
McAleer et al. report no problems in this 
respect. To arrive at such a startling conclu- 
sion, they truncated the data set at 1970, 
reestimated their model, and then compared 
out-of-sample forecasts with the data through 
the end of 1973. The fact that the prediction 
errors had variance comparable to that of 
the sample errors then led them to report 
success in the out-of-sample prediction! The 
breakdown of the model after 1973 ap- 
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parently has no bearing here. It appears as if 
McAleer etal. see no need to hold themselves 
to the demanding standards of model ade- 
quacy that they recommend to us. 
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Preference Reversals and the Independence Axiom 


By CHARLES A. HOLT* 


Of all of the paradoxical patterns of be- 
havior reported in laboratory experiments, 
one of the most perplexing for decision theo- 
rists is the preference reversal phenomenon. 
A subject in a preference reversal experiment 
is typically given a choice between a lottery 
with a high probability of winning a modest 
amount of money, a “P bet,” and a lottery 
with a low probability of winning a large 
amount of money, a “$ bet.” The lowest 
amount of money for which the subject would 
willingly sell either of these lotteries is also 
elicited. The most common “reversal” is for 
a subject to choose the P bet over the 
$ bet but to put a higher selling price on the 
$ bet. Preference reversals were first reported 
by Harold Lindman (1971) and Sarah Lich- 
tenstein and Paul Slovic (1971). In discuss- 
ing the psychologists’ discovery of such re- 
versals, David Grether and Charles Plott 
remark: “The inconsistency is deeper than 
mere lack of transitivity or even stochastic 
transitivity. It suggests that no optimization 
‘principles of any sort lie behind even the 
simplest of human choices...” (1979, p. 623). 
This paper offers a simple alternative ex- 
planation of documented preference rever- 
sals, an explanation that does not require the 
abandonment of the transitivity assumption. 


I. Introduction 


The dominant theory of individual deci- 
sion making in stochastic environments is 
von Neumann-Morgenstern utility theory; its 
popularity among economists and statisti- 
cians is due to its simplicity and its con- 
sistency with a wide range of attitudes to- 
ward risk. This “expected-utility” theory, 
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however, is not so general that it lacks em- 
pirical content, and, indeed, paradoxical be- 
havior that is inconsistent with the theory 
has been documented for at least thirty years. 
The most controversial assumption in the 
von Neumann-Morgenstern theory is the 
“independence axiom” (sometimes referred 
to as the substitution axiom). Other axioms 
involve properties, such as transitivity, com- 
pleteness, and continuity, that are needed to 
ensure the existence of a utility functional 
defined on a space of lotteries, but it is the 
independence axiom that results in the ex- 
pected-utility representation that is linear in 
the probabilities. The independence axiom is 
an assumption that a lottery X is weakly 
preferred to a lottery Y, if and only if a 
compound lottery that yields X with prob- 
ability q and some other lottery Z with 
probability 1—q is weakly preferred to a 
compound lottery that yields Y with prob- 
ability q and Z with probability 1-- q, for 
any lottery Z. Thus the choice between two 
lotteries, X and Y, is independent of the 
possible existence of a common (and hence 
“irrelevant’’) prospect Z. Human choices be- 
tween lotteries with hypothetical monetary 
payoffs have repeatedly, but not overwhelm- 
ingly, violated the independence axiom (see, 
for example, Daniel Kahneman and Amos 
Tversky, 1979). Also, Raymond Battalio, 
John Kagel, and Don McDonald (1985) have 
recently documented. a similar pattern of 
violations of the independence axiom in ex- 
periments involving the choices of rats be- 
tween lotteries involving actual food payoffs. 

The experimental results for human sub- 
jects have motivated the development of gen- 
eralizations of von Neumann-Morgenstern 
utility theory that are based on weaker forms 
of the independence axiom (for example, 
see S. H. Chew and Kenneth MacCrim- 
mon, 1979; Peter Fishburn, 1983; and Mark 
Machina, 1982). The value of’ this effort to 
weaken the independence axiom is consider- 
ably diminished, however, if more basic 
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axioms such as transitivity are violated. The 
preference reversal phenomenon, in which 
subjects put a lower selling price on the 
lottery for which they state a preference, is 
generally thought to provide such an ob- 
stacle. For example, Machina (1982, p. 308) 
observes that his analysis of expected utility 
without the independence axiom would have 
to be further generalized or replaced if such 
preference reversals are found to be perva- 
sive. 

Grether and Plott, in their review of psy- 
chologists’ preference reversal experiments, 
concluded that all earlier experiments were 
irrelevant from an economist’s point of view. 
Most of these experiments did not have 
monetary or other incentives to motivate 
subjects to behave rationally, and there was 
no control for income effects in all of the 
remaining experiments that did have real 
incentives. Grether and Plott ran one series 
of preference reversal experiments without 
monetary incentives and another series with 
both monetary incentives and a random lot- 
tery-selection device (described below) that 
controls for income effects. To their evident 
surprise, they found preference reversals to 
be even more pervasive in the series with 
monetary incentives. This result is especially 
noteworthy because it has been shown in 
other experiments that violations of the Bayes 
rule in information-processing tasks are 
common with inexperienced, financially un- 
motivated subjects, but that such violations 
are less frequent with experienced, finan- 
cially motivated subjects (Grether, 1978). 

The Grether and Plott results have been 
replicated by others who have also doc- 
umented systematic reversals, although the 
frequency of such reversals has varied with 
the level of financial motivation and the 
method of explaining the experimental pro- 
cedures (Werner Pommerehne, Friedrich 
Schneider, and Peter Zweifel, 1982; and 
Robert Reilly, 1982). Among subjects who 
express a preference for a P bet over the 
paired $ bet, the rate of preference reversals 
in these experiments is typically above 40 
percent. To summarize, preference reversals 
are common, even for financially motivated 
subjects in carefully conducted laboratory 
experiments that control for income effects. 
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Grether and Plott note that these reversals 
constitute an exception to preference theory 
that “...stands as a challenge to theorists 
who may attempt to modify the theory to 
account for this exception without simulta- 
neously making the theory vacuous” (p. 634). 
In order to examine the modifications of 
expected-utility theory that are indicated by 
observed behavior, it is useful to first clarify 
the method of controlling for income effects 
in these experiments. This is done in Section 
II, where it is shown that income-effect con- 
trols used in the experiments are appropriate 
if the axioms of von Neumann-Morgenstern 
utility theory are satisfied. Consequently, the 
observed preference reversals are violations 
of this expected-utility theory. In Section III 
it is shown that the method of controlling 
for income effects used by Grether and Plott 
is not valid when the independence axiom is 
violated. Thus observed preference reversals 
may be due to violations of independence. 
Section IV contains a comparison of the 
pattern of preference reversals and the pat- 
tern of violations of the independence axiom 
in some Allais-paradox situations. Section V 
provides a summary and conclusion. 


II. The Random Lottery-Selection Procedure 
with von Neumann-Morgenstern Utility 


The assumption used in this section’s 
analysis of income-effect controls is that the 
axioms of expected-utility theory hold, so 
the subject’s preferences are represented by 
the expected value of a von Neumann- 
Morgenstern utility function denoted u(-). 
The discussion of income-effect controls per- 
tains to both the Grether-Plott and Reilly 
papers. (Pommerehne et al. used similar con- 
trols, but the exact relationship between ac- 
tual monetary payments and the lottery out- 
comes that generated “play money” prizes 
was not known with certainty by subjects in 
their experiments.) 

In the description of lotteries that follows, 
the notation (q, X; 1— q, Y) will indicate a 
probability q of obtaining a prize X and a 
probability 1—q of obtaining a prize Y, 
where the prizes themselves may be lotteries. 
The experiments reported in both papers 
involved six matched pairs of lotteries, each 
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with a P bet and a $ bet. One pair of bets 
that was used in both papers, for example, is 
(11/12, $2.00; 1/12, — $2.00) for the P bet 
and (1/2,$5.00; 1/2, -$1.50) for the $ bet. 

The selling prices for lotteries were elicited 
using the Becker/DeGroot /Marschak meth- 
od (see Gordon Becker et al., 1964): The 
subject first reports a selling price for a 
lottery, and then a random “offer” from a 
uniform distribution is generated. The sub- 
ject receives a dollar amount equal to the 
offer if the offer exceeds the reported selling 
price, and the subject receives the lottery 
itself if the offer falls below the reported 
selling price. It is intuitively apparent that it 
is in the subject’s own interest to report 
truthfully the lowest amount of money that 
the subject would willingly accept in ex- 
change for the lottery (the “ask price”): To 
state a selling price above the subject’s true 
ask price might result in the subject keeping 
the lottery when it could have been sold for 
a price above the true ask price, and to state 
a selling price below the subject’s true ask 
price might result in the subject selling a 
lottery at a price below the ask price. These 
are the only effects of reporting a selling 
price that differs from the ask price, so it is 
in the subject’s own best interest to reveal 
the ask pricé. (This result can also be derived 
from the analysis of the expected-utility- 
maximizing selling price to be reported.) This 
revelation property is independent of the 
subject’s attitudes toward risk. 

Note that each possible value of the sell- 
ing price that the subject can report will 
determine a lottery. Suppose that each elici- 
tation lottery is actually. played immediately 
after the subject chooses a selling price for 
that lottery, and that the resulting money 
payment is made before proceeding. Then 
the subject’s wealth at the beginning of the 
second elicitation procedure is likely to be 
different from the subject’s wealth at the 
beginning of the first elicitation procedure. 
To prevent wealth effects from contaminat- 
ing the data, only one lottery, selected at 
random, was actually used to determine the 
subject’s payoff at the end of the experiment. 
More precisely, the subject’s choice in each 
of the six paired P and $ bets determined a 
lottery (the one chosen by the subject), and 
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the subject’s choice of selling price in each of 
the twelve elicitation procedures determined 
a lottery. Thus there were eighteen lotteries 
determined by a subject’s choices, and only 
one of these lotteries, selected randomly 
and equiprobably, would be used at the 
end of the experiment to determine the sub- 
ject’s actual monetary reward. A nonrandom 
amount of $7 was added to the outcome to 
ensure a positive payment. 

The analysis of this random lottery-selec- 
tion method will be for the simplest case of 
one matched pair of P and $ lotteries and 
two elicitation lotteries; the generalization of 
the argument will be obvious. Let the P bet 
be denoted by X,, and let the random pay- 
ment determined by this bet be denoted Xp. 
The analogous notations for the $ bet are 
X; and Xs. Thus the P bet is preferred to the 
$ bet by an expected-utility-maximizing sub- 
ject, if and only if E{u(w+Xp)} exceeds 
E{u(w + X,)}, where w denotes initial 
wealth and E(-) indicates an expectation 
with respect to the appropriate random vari- 
able. The notation for the Becker/De- 
Groot /Marschak elicitation of a selling price 
r for a lottery X will be: B(r; X) for the 
lottery and b(r; X) for the resulting random 
payment. 

The subject’s decision problem is to choose 
the selling prices, r and rp, and a random 
variable X € { Xs, Xp} to maximize: 


M ZB (uw +5) 
+ 5B (u(w+B(r ; X5))} 


+ SE (ul + Br Xp))}, 


because the probability that each of the three 
lotteries will be relevant at the end of the 
experiment is 1/3. 

It is apparent from the separable form of 
the expected-utility expression in (1) that the 
choices of X, rs, and rp can be made inde- 
pendently. Thus the random variable <x 
selected will be the preferred lottery, and 
each selling price will actually be the lowest 
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price at which the subject would willingly 
sell the lottery. The implication is that the 
random lottery-selection procedure provides 
a proper control for income effects if the 
subject’s preferences can be represented by a 
von Neumann-Morgenstern utility function. 


HI. The Random Lottery-Selection 
Procedure without the Independence Axiom 


In the previous section’s derivation of the 
objective in equation (1), it was the inde- 
pendence axiom that permitted the objective 
to be written as an expected value, linear in 
the lottery-selection probabilities (the “1/3” 
terms). It was this linearity that resulted in 
the separability of the three choices. The 
independence axiom is not assumed to hold 
in this section. 

In the actual experiments, the lottery 
choices for some pairs were made by the 
subject after the elicitation of selling prices 
for those lotteries, and the procedure was 
reversed for other pairs of lotteries. For this 
section’s analysis of the simple case of only 
one pair of lotteries, suppose first‘ that the 
two elicitations precede the lottery choice. 
Let *; and Ff, denote the selling prices that 
were selected in the elicitation stage. Then 
the choice between Xp and X; in the final 
State is a choice between the compound. lot- 
teries 


1 1 i 
(2) B Xp; 3? BPs; Xs); 3” B(îp; x,)| 


and 
1 1. 1 
(3) |, Mes 5s BUR X9: F BOs X) 
Let the lottery Z be defined: 
1 m 1 v 
(4) Z= 7 B(¥53 Xz); 7 B(?p; Xp) |. 


It follows from (2), (3), and (4) that the 
choice between Xp and X, in the final stage 
is a choice between 


5 : X zZ d : X. : Z 
(5) (5. P> 3° | an E $ 3? ) 
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The direct implication of the indepen- 
dence axiom is that the left-hand compound 
lottery in (5) is weakly preferred to the 
right-hand compound lottery in (5), if and 
only if Xp is weakly preferred to X;. The 
choice between the P bet and the $ bet in 
the final stage of the preference reversal ex- 
periments is actually a choice between the 
compound lotteries in (5), and if the inde- 
pendence axiom does not hold, the bet that 
the subject chooses in the final stage may not 
be the bet that is actually preferred by the 
subject, that is, the bet that would be chosen 
in a direct choice between Xp and X,. The 
bet that is actually preferred in such a direct 
choice may be given a higher selling price in 
the experiment, even though it is not selected 
in the pairwise comparison of the compound 
lotteries. If this occurs, a violation of the 
independence axiom may result in choices 
that appear to violate transitivity. 

The preceding discussion pertained to the 
case in which elicitation of the subject’s sell- 
ing prices is done before the subject makes 
the choice between the P bet and the $ bet. 
If, instead, the choice between these two bets 
is to be made before the elicitation of selling 
prices, then the choice between Xp and Xs 
in the first stage is a choice between the 
compound lotteries in (5), where Z is a 
lottery that in this case represents the sub- 
ject’s beliefs about the possible outcomes in 
the subsequent elicitation stage. As before, a 
violation of the independence axiom may 
result in preference reversals in which the 
bet in the compound lottery selected is the 
bet with the lowest selling price. Of course, it 
is possible to specify a utility functional that 
does not satisfy independence and for which 
the choices of the lottery and selling prices 
are independent of the order in which these 
choices are made. The point being made here 
is that the lottery chosen (by the individual 
whose preferences are represented by this 
utility functional) may not be the lottery 
that would be preferred in the absence of 
the elicitation procedures. Another potential 


1This point has been made independently by Edi 
Karni and Zvi Safra (1984). 
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TABLE 1— PAIRED BETS USED IN THE KAHNEMAN AND TVERSKY EXPERIMENTS 











Experimental 

Design (1) (2)* (3) (4) (5)* (6) 

Problems 3; 4 (1.0, £3000) > (.8, £4000; .2, £0) (.25, £3000; .75, £0) < (.2, £4000; .8, £0) 
(80%) -> (65%) 

Problems 3’, 4° (1.0, ~ £3000) < (.8, — £4000; .2, £0) (.25, — £3000; .75, £0) > (.2, — £4000; .8, £0) 
(92%) (58%) 

Preference 

Reversal X, < X; (q, X 1-9, Z) > (q, X53 1- q, Z) 





*The numbers in parentheses indicate the percentage of the 95 subjects’ choices‘ that corresponded with the 


preference directions above the percentage numbers. 


source of reversals if the independence axiom 
does not hold is the possibility that an elicited 
selling price may not actually be the lowest 
price that the subject would willingly accept 
for the lottery because the choice of bets and 
the choices of selling prices are no longer 
separable as was the case in equation (1). 


IV. A Comparison of Preference Reversals 
and Allais Paradoxes 


A comparison of equations (2) and (3) 
indicates that the elicitation of selling prices 
reduces the impact (in a probabilistic sense) 
of the choice between the P and $ bets on 
the outcome of the experiment. This reduc- 
tion will be called a dilution. If the indepen- 
dence axiom is not satisfied, a dilution, which 
is due to the random lottery-selection proce- 
dure, may cause the reversal in which the 
subject chooses the compound lottery con- 
taining the least preferred bet. In this sec- 
tion, I will argue that this dilution results in 
the same kind of reversal that is commonly 
observed in well-known Allais paradoxes. 

Kahneman and Tversky report the results 
of individuals’ choices between the pairs of 
lotteries shown in the first two rows of Table 
1. The prizes in these rows were hypothetical 
and were expressed in Israeli pounds. The 
preference inequality symbols in columns 2 
and 5, > and <, indicate the direction 
of preference for the majority of the 95 sub- 

. jects that were given these choices. The 
percentage number in parentheses under 
each preference inequality indicates the per- 


centage of subjects making the choice indi- 
cated by the preference inequality. 

Consider the Kahneman-Tversky prob- 
lems 3 and 4 that are shown in the first row 
of the table. Most subjects preferred the safe 
option in column 1 to the risky prospect in 
column 3. The prospect in column 4 is a 
compound lottery with a .25 probability of 
the safe outcome (£3000) in column 1 and a 
.75 probability of a zero payoff. Similarly, 
the prospect in column 6 is an analogous 
dilution of the risky prospect in column 3 
with the high probability, .75, of a zero 
payoff. The modal choice in problems 3 and 
4 was to select the safe outcome in the 
simple choice setting but to select the com- 
pound lottery in column 6 that is a dilution 
of the risky prospect in column 3. This is 
obviously a direct violation of the indepen- 
dence axiom, although the “violation” is 
irrelevant to economic theory in the sense 
that hypothetical payoffs were used. 

Next, consider the problems 3’ and 4’ 
(shown in the second row of Table 1) in 
which the payoffs in the row above have 
been reflected around zero. This multiplica- 
tion of payoffs by minus one changed the 
direction of the preference inequalities in 
columns 2° and 5: The risky prospect in 
column 3 is preferred to the safe outcome in 
column 1, but the dilution of the safe out- 
come is preferred to the dilution of the risky 
prospect in this case. This modal choice pat- 
tern is again a violation of independence. 
Kahneman and Tversky also report other 
lottery pairs for which a reflection of the 
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payoffs around zero reverses the directions 
of preference inequalities. 

I believe that the change in modal prefer- 
ence directions (that occurs in the shift from 
problems 3 and 4 to problems 3’ and 4’) is 
due to the relative attractivness of the zero 
payoff used to dilute the prospects in col- 
umns 1 and 3; in one case, the payoff used in 
the dilution is the worst outcome, and in the 
other case, the payoff used in the dilution is 
the best. Loosely speaking, an increase in the 
relative attractiveness of the “common pros- 
pect,” the zero payoff, seems to make the 
typical subject more risk averse in the sense 
that the dilution in column 4 of the safe 
outcome is preferred to the dilution in col- 
umn 6 of the risky prospect in column 3. 
This explanation of the change in modal 
preference directions is based on the discus- 
sions in Machina (1982) and Robert Weber 
(1982) of the general pattern of violations of 
the independence axiom in similar situ- 
ations.” 

The prospects in columns 1 and 3 in the 
second row of Table 1 can be associated 
with the P bet, Xp, and the $ bet, X;, as 
indicated in the third row of the table. For 
example, the $ bet involves a small probabil- 
ity of the best outcome, zero, and a large 


2In order to understand Machina’s explanation, con- 
sider the first two rows of Table 1. In the first row, the 
prospects in cols. 1 and 3 dominate those in 4 and 6, 
respectively, in the sense of first-degree stochastic domi- 
nance, but these dominance relations are reversed in the 
second row of Table 1 because the “common prospect” 
used in the dilution is the best outcome in that row. 
Machina discusses the effects of the relative attractive- 
ness of the common prospect: “An analysis of the 
above cited evidence of Kahneman and Tversky, Hagen, 
and MacCrimmon and Larsson similarly reveals a tend- 
ency for individuals to violate the independence axiom 
by ranking the stochastically dominating pair of pro- 
spects ‘according to’ a utility function which is more 
risk averse than the one ‘used’ to rank the stochastically 
dominated pair” (1982, p. 288). Note that Machina’s 
explanation is not a statement that a typical individual’s 
preferences are represented by a utility function with 
risk aversion that is increasing in wealth. The violation 
of the independence axiom results in a situation in 
which there is no single von Neumann-Morgenstern 
utility function that represents choices between both 
pairs of prospects. Also see Machina (1983) for a thor- 
ough discussion of this pattern of violation of indepen- 
dence. 
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probability of the worst outcome. Similarly, 
the prospects in columns 4 and 6 are com- 
pound lotteries with a probability g of the 
corresponding bet in columns 1 and 3 and a 
probability 1 — q of the common prospect Z, 
which is zero in this case. If the preference 
inequalities are as shown in the third row, 
then the subject would select the compound 
lottery containing the dilution of the P bet, 
but the subject actually prefers the $ bet to 
the P bet in a direct choice between these 
two bets. This is precisely the type of behav- 
ior that is commonly observed in the prefer- 
ence-reversal experiments: the compound 
lottery formed from the P bet is selected 
over the compound lottery formed from the 
$ bet, but a higher selling price is given for 
the $ bet. 

The obvious question at this stage is why 
the pattern of preference inequalities for the 
preference-reversal interpretation in the third 
row of Table 1 should correspond to the 
pattern in the second row instead of the 
opposite pattern in the first row. Recall that 
a major difference between the prospects in 
the first and second rows is that the common 
prospect, used in constructing the diluted 
compound lotteries, was the worst outcome 
among the first-row prospects and the best 
outcome among the second-row prospects. 
For the preference-reversal design given in 
equations (2) and (3), the common pros- 
pect Z in equation (4) is a very good outcome 
in the following sense. In the Becker/ 
DeGroot/Marschak elicitation of the sell- 
ing price for a lottery, the subject can report 
a true minimum selling price and ensure a 
reward of either the lottery itself or of a 
randomly generated “offer” that exceeds the 
reported selling price. It is in this sense that 
the elicitation lottery is better than the lot- 
tery for which the selling price is being 
elicited. The common prospect Z in the 
equation involves a fifty-fifty chance of each 
elicitation lottery and it is in this sense that 
the common prospect Z is a good outcome 
relative to X; and Xp. 

This comparison, however, is admittedly 
speculative because the structure of common 
prospect in the preference-reversal context is 
more complicated than the common prospect 
used to construct the compound lotteries in 
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the Allais-paradox situations in Table 1. In 
particular, a comparison of the second and 
third rows of Table 1 shows that the lottery 
in the second row that is analogous to Z is a 
certain payoff of £0. This certain prospect 
stochastically dominates both prospects in 
columns 1 and 3 of the second row, but the 
lottery Z in the preference-reversal design 
may not dominate the X, and X, prospects 
(in the sense of first-degree stochastic domi- 
nance). Although there are similarities in the 
patterns of behavior in the preference-rever- 
sal and Allais-paradox experiments, the in- 
centive structures in these two types of ex- 
periments are not identical. Nevertheless, the 
typical patterns of behavior in both cases 
can be explained by violations of the inde- 
pendence axiom, and the violations in the 
preference-reversal experiments should be of 
special interest to economists because actual 
monetary incentives have been used in many 
of these experiments. 


V. Summary and Conclusion 


A preference reversal occurs when a sub- 
ject chooses one lottery over another but 
puts a higher selling price on the lottery not 
selected. Such behavior is generally thought 
to violate one or more basic assumptions, for 
example, transitivity, that underlie all formal 
preference theories that are commonly used 
by economists. 

The focus in this paper is on the random 
lottery-selection method of controlling for 
income effects in preference reversal experi- 
ments with financially motivated subjects. If 
the independence axiom of expected-utility 
theory is not satisfied, then the lottery choice 
and the selling price elicitation decisions are 
no longer separable as would be the case in 
an expected-utility analysis. In this case an 
individual might value one lottery more 
highly than another, but choose the less pre- 
ferred lottery in an experiment in which the 
consequences of this choice are diluted by 
the common prospect associated with the 
elicitation of selling prices. As a conse- 
quence, decisions that appear to violate 
transitivity can result from direct violations 
of the independence axiom or of some other 
axiom such as “reduction of compound lot- 
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teries.” It is well known that many individu- 
als make choices that are direct violations of 
the independence axiom in other contexts. 
Therefore any theory of rational choice in 
such contexts must be derived from a set of 
axioms that does not include or imply the 
independence axiom, at least not in its usual 
“strong” form. 

Preference reversals could also be gener- 
ated by intransitivities, but to abandon trans- 
itivity would be a drastic step that would 
make it difficult to construct a formal choice 
theory with empirical content. The transitiv- 
ity assumption is needed for the existence of 
a utility functional that represents prefer- 
ences over lotteries; independence is a strong 


. assumption about the functional form of this 


utility functional (that pertains to the linear- 
ity with respect to the probabilities). There 
has been a considerable amount of recent 
work on preference theories that involve 
weaker versions of the independence axiom 
and that permit more general functional 
forms (see Machina, 1982, and the references 
therein). The careful documentation of pref- 
erence reversals made by financially moti- 
vated subjects in laboratory experiments 
conducted by Grether and Plott and others 
enhances the importance of the generalized 
expected-utility research. 
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Shifting Comparative Advantage and 
Senescent Industry Collapse 


By JAMES H. CaSSING AND ARYE L. HILLMAN* 


As the pattern of international compara- 
tive advantage shifts over time, some in- 
dustries naturally decline. However, the 
contraction of the senescent industry has fre- 
quently been markedly uneven. For example, 
in the 1950’s the United States began rapidly 
to lose its comparative advantage in shoe 
production. The shoe industry initially re- 
ceived substantial protection, but gradually 
the protection eroded and very suddenly, 
in the mid-1960’s, the industry contracted 
violently. Industry contraction subsequently 
slowed, protection was lowered but stabi- 
lized, and the industry achieved its current 
much-reduced domestic market share. Simi- 
lar episodes of relative international compet- 
itive decline, protection, gradual erosion of 
protection and output, and then violent con- 
traction have occurred in various light in- 
dustries (as, for example, matches and toys), 
and such a sequence currently appears to be 
underway in some of the smokestack in- 
dustries such as steel, shipbuilding, and auto- 
mobiles. 

This tendency for sudden industry col- 
lapse to occur in the course of industry de- 
cline presents somewhat of a curiosity. One 
might rather expect more or less continuous 
decline in output and employment as the 
industry’s capital stock is run down and labor 
is laid off in response to increased import 
penetration. Of course, sudden industry col- 
lapse might be attributable to production 
nonconvexities. Because of indivisibilities in 
the installation of productive capacity, sud- 
den increases in import penetration might 
take place as the output of foreign plants 


* University of Pittsburgh, PA 15260; and Bar-Ilan 
University, Ramat Gan, Israel 52100, and University of 
California, Los Angeles, CA. 90024, respectively. We 
thank Henry Ursprung and two referees for helpful 
comments. 
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replaces that of domestic plants which close 
down. However, when production indivisibil- 
ities are very important at the industry level, 
markets tend not to be competitive. Yet many 
senescent industries are highly competitive, 
especially given the presence of foreign com- 
petition. Similarly, many small firms produc- 
ing at minimum average cost may give the 
impression that a small price decline will 
drive them all out of business. But, of course, 
industry long-run marginal cost only appears 
constant for a given industry output level 
and the general equilibrium supply curve is 
nonetheless positively sloped. Yet, in the 
course of industry decline, sudden and abrupt 
collapses in output and employment have 
taken place. 

Rather than seeking an explanation for 
industry collapse in the production technol- 
ogy, we focus in this paper on the govern- 
ment policy response that typically accom- 
panies the senescent industry in decline. 
Since governments, if they have the political 
will, can always apply commercial policy to 
arrest industry decline due to import compe- 
tition, the contraction of an industry might 
in itself adversely affect the industry by 
eroding political support. Intuitively this 
makes good sense because lower domestic 
output means that the domestic benefits from 
protection to the industry—and so benefits 
to the politician—will be lower while the 
consumption costs to the constituency will 
be higher and more obvious. Recently a 
growing body of literature has indirectly sug- 
gested just this point. In particular, em- 
pirical studies (see the review of the evidence 
by Kym Anderson and Robert Baldwin, 
1981, and the survey by Baldwin, 1984) find 
that industry size is an important positive 
determinant of the supply of protection. 

The consequences of such “feedback ef- 
fects” have, however, received no attention. 
While much analysis has focused on the 
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political economy of tariff policy formation 
and its effect on industry activity levels, there 
has been a neglect of the counterdirection as 
changing industry activity levels themselves 
reshape political support.! We shall incorpo- 
rate such political-influence feedback consid- 
erations into a simple general equilibrium 
model of adjustment due to sharpened im- 
port competition, and show that sudden in- 
dustry collapse is one of the possible adjust- 
ment paths. The possibility of collapse is 
particularly interesting because the model 
admits of no nonconvexities in production 
or consumption, and no discontinuities such 
as discrete tariff changes in the government’s 
commercial policy actions. Nonetheless, very 
sharp jumps in economic activity—mathe- 
matically, “catastrophes”*—emerge due to 
otherwise smoothly adjusting variables inter- 
acting in the adjustment process. l 

We shall begin in Section I with a portrayal 
of factor-market adjustment and industry 
decline as the response to a fall in the 
world price of an industry’s output, with 
the authorities remaining passive. Policy re- 
sponse is introduced in Section IY by means 
of a positive political-equilibrium relation- 
ship between tariff levels and industry activ- 
ity levels as measured by the size of the 
labor force. The political supply of protection 
is expressed in its reduced functional form 
and accepted as conforming to the theoreti- 
cal conclusions and empirical findings of 
Anthony Downs (1957), Mancur Olson 
(1965), Jonathan Pincus (1975), Baldwin 


(1976, 1984), and others. Section IJI then ` 


incorporates the political-equilibrium tariff 
response into industry adjustment and shows 
how, as a consequence of the political re- 
sponse to industry activity levels, sudden 
industry collapse can occur even if output 
prices vary only in a continuous way. We 
keep the model as neoclassical as possible, 
and, in particular, convex in production by 


1See the survey by Baldwin (1984). In Wolfgang 
Mayer's 1984 analysis of voting equilibria, levels of the 
tariff affect the demand for tariff increases, and hence 
implicitly equilibrium tariff levels are related to output 
levels. 

?See T. Poston and I. Steward (1978). 
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adopting the familiar two-sector model with 
capital industry-specific in the short run. 


I. Industry Decline in the Absence 
of Policy Response 


The model characterizes dynamic equi- - 


librium conditions in factor markets and in 
the political market. To describe factor- 
market equilibrium, we posit a dynamic ver- 
sion of the competitive two-sector specific- 
factors model for a small country. Labor L; 
and capital K, are employed in industry i to 
produce output x, via the constant-returns 
industry neoclassical technologies? 

(1) x,= FL, K)  i=1,2. 

We represent by industry 1 the senescent 
industry and by 2 the rest of the economy. 
Aggregate factor supplies, L and K, are 
fixed. In long-run competitive equilibrium 
the value of the marginal product of a factor 
is equated across industries, and hence, with 
P denoting the relative domestic price of the 
senescent industry’s output, 


(2) PFi(L,, Kı) =FE(L- L, K-K,) 
(3) PF (L, K,) = Fk(L- Lı, K- K;,). 
Since we are interested in the adjustment 
process, we need to explain how factor re- 


allocation occurs out of long-run equilib- 
rium. We assume therefore that factors are 


. always paid the value of their marginal 


products and that inputs move to higher 
reward industries. Labor is mobile between 
industries, and hence in particular when the 
world price of the senescent industry’s out- 
put declines to reduce the value of labor’s 
marginal product in that industry, labor ad- 
justs to find alternative employment else- 
where in the economy (in industry 2). How- 
ever, capital, which may be regarded as both 


3Nonincreasing returns to scale would suffice, al- 
though this would require the further specification of a 
fictitious factor for factor payments to exhaust the value 
of output: In (1), capital and labor are technological 
complements, and hence Fy, > 0, i =1,2. 
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human and physical, lacks the same occupa- 
tional mobility and adjusts much more slowly 
to a fall in the value of its marginal product.* 
Adjustment of capital is described by the 
equation of motion 
(4) K,=8(1-n), 

where r, = P,F}, g(0)=0; g’(-) > 0. 

The value of the domestic relative price P 
is determined jointly by an exogenous rela- 
tive world price and intervention by the 
authorities. Let intervention take the form of 
a specific tariff.> Given the world price P* 
and the tariff T, and therefore the domestic 
price P=(P*+T), long-run equilibrium 
employment combinations of factor inputs 
satisfy 


(5) K,=L,=0, i=1,2. 


In (1,,K,) space of employment in the 
senescent industry, equilibrium is accord- 
ingly determined by the intersection of two 
loci with respective positive slopes: 














oy ae ed ” 
dL |i oo PF, + Fey i 

(7) dK, o PF}, + Fer 
dL, |x -0 PFgg + Fx 


“The point is that there are asymmetries in adjust- 
ment as some factors exit the declining industry more 
swiftly than others. For a model which portrays adjust- 
ment with one factor mobile and another imperfectly 
so, see Gene Grossman (1983). 

5We adopt this assumption for expositional pur- 
poses. In our competitive setting, there is tariff/quota 
symmetry (with respect to either a specific or ad valorem 
tariff}. On the other hand, if the domestic market struc- 
ture were not competitive, one instrument may dominate 
the other as the politically preferred means of protec- 
tion (see our 1985 paper). Also, intervention could 
entail the use of tax-subsidy instruments (see Michael 
Mussa, 1982). Jagdish Bhagwati (1982) extends the 
policy options in the face of shifting comparative ad- 
vantage to include labor immigration. 
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Figure 1 illustrates the initial dynamically 
stable factor-allocation equilibrium (L{, KÝ) 
for the relative price of senescent industry 
output P’. 

When the world price P* declines to re- 
flect shifting comparative advantage, and the 
tariff is left unchanged so that industry 1’s 
domestic price falls, the factor-allocation loci 
in Figure 1 shift to reflect reduced factor 
demand. At P” <P’, the long-run equi- 
librium employment levels are (L({, Kf). 
Adjustment to the fall in the price of the 
industry’s output begins with labor exiting 
the declining industry 1, and labor employ- 
ment falling from LI and L? at the main- 
tained capital stock Kj. 

It should be observed that the initial 
employment contraction from L? to LÈ is 
not our characterization of collapse, and that 
this contraction would be only as abrupt as 
the initial price decline. In order to focus on 
long-run adjustment to the new external 
price, we assume that the initial external 
price decrease is once and for all, rather than 
introducing another exogenous dynamic 
equation of motion for the world price P*. 

Once on the equilibrium locus of the 
faster-adjusting variable (labor), adjustment 
now proceeds over time according to equa- 
tion (4) as capital exits the now lower-return 
declining industry. As capital leaves indus- 
try 1, additional labor is reallocated in order 
to sustain equation (2). Labor reallocation 
ceases when the industry’s capital stock has 
declined to Kf, and conditions (2) and (3) 
are reestablished. 

This process of smooth adjustment as- 
sumes, however, that the authorities for- 
mulating commercial policy remain passive 
by not adjusting the tariff when the world 
price and the output of industry 1 decline. 
Naturally, a sufficiently large increase in the 
tariff could altogether eliminate the market- 
induced incentives for labor to exit from 
and capital to be run down in industry 1. 
But which commercial policy response will 
emerge? Between “none at all” and “com- 
plete insulation from the initial stock” de- 
pends upon how the supply of protection 
responds to changes in the senescent in- 
dustry’s activity level. 
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FIGURE 1 


II. Political Support and Industry Size 


The “supply of protection” depends, 
among other things, upon ‘the absolute size 
of an industry. The larger output or employ- 
ment, the higher the level of protection 
received by an import-competing industry, 
other things equal. In order to capture this 
relationship, we characterize the tariff level 
as a function, of labor employment in in- 
dustry 1, 


(8) T=T(L,), 


where T, > 0. That is, the height of the tariff 
increases with the number of jobs provided 
by the protected industry.® 


6 While we emphasize the relation between industry 
activity levels and protection, other industry character- 
istics influence industry protection levels. See, for exam- 
ple, the variables considered by Edward Ray (1981), 








FIGURE 2 


Empirically, the positive relationship be- 
tween tariffs and size of the industry is well 
established.’ The theoretical underpinnings 
for the qualitative functional form derive 
from the theory of collective-action protec- 
tionist demands and political-support re- 
sponses. Although political effectiveness 
increases with size, at the margin a political 
coalition benefits from being neither too 
small nor too large. For if small, then while 
the coalition’s protectionist demands may be 
cohesively articulated, the limited political 
returns inhibit the authorities from being too 
forthcoming in increasing the protection al- 
ready provided. And if overly large, the 
coalition confronts free-rider problems that 
hinder cohesive political action. Also the 
consumption costs of marginal tariff in- 
creases become larger and more obvious. 
Coalitions that are neither too small nor too 
large are, on the other hand, politically at- 
tractive for the dispensing of the benefits of 
intervention, while at the same time not dis- 
advantaged by free-rider disincentives which 
limit the effectiveness of political organiza- 
tion (see Olson). 





Howard Marvel and Ray (1983), Réal Lavergne (1983), 
and Paul Godek (1985). 

TAnderson and Baldwin -find that this holds in a 
general manner across industries for a number of in- 
dustrialized countries. 
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These implications of coalition size when 
brought together imply the industry politi- 
cal-support function characterized by a 
sigmoid relationship as in Figure 2. At L4 
where there is a point of inflection, the 
marginal tariff response provided is maximal. 
For L, smaller than L4, T; z > 0; and for L, 
larger than Li, Tz < 0. Equilib- 
rium in the political market is then charac- 
terized in the reduced form as the level of 
tariff protection T= T(L,) as, for example, 
T; at Lt. 


HI. Political-Feedback Effects and the 
Possibility of Industry Collapse 


Now consider the influence of the authori- 
ties’ policy response on industry adjustment. 
Substituting (8) into the factor-market equi- 
librium conditions, we have the analogues of 
equations (2) and (3) now encompassing the 
political-market equilibrium: 


(9) [P*+T(L)]Fi(L Ky) 

= F?(L-L,,K—-K,); 
(10) [P* + T(L,)] Fe (Li, K1) 

= F}(L- L, K- K). 
Consequently, with tariff policy endoge- 
nized, factor-input combinations which 


maintain constant labor and capital employ- 
ment have the respective properties, 








ai) dK’ 
1 
dL |, o 
__|(P*+T)F +t tie 
(P*+T)Fkt Fk |S” 
dK! 
2) Sr 
dL! K=0 
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FIGURE 3 


The capital-allocation locus thus retains the 
unambiguously positive slope established in 
the absence of policy response. But not so 
the labor-allocation locus, that now contains 
an intermediate portion that may be nega- 
tively sloped. This is because the term F;T, 
is positive and, in particular, reflecting the 
character of political-market equilibria, the 
component 7; ranges from lower values for 
low levels of L, to higher values for inter- 
mediate levels of L, and finally back to 
lower levels for high levels of L,.* But when 
the positive term dominates the numerator 
of equation (11), the labor-equilibrium locus 
will have a negatively sloped portion. The 
(stable) equilibrium in (L4, K,) space is then 
as depicted in Figure 3, where both market- 
equilibrium loci incorporate changing tariff 
policy. 

Consider now an initial equilibrium at the 
point A in Figure 3, and suppose that the 
world price P* were to fall. We again take 
the world price decline to be discrete, al- 
though a continuously falling world price 


The critical term F}T, depends upon the technol- 
ogy and the reduced-form tariff formation function. 
Define a( L,) = FÌT,. Then a> 0 and reaches its maxi- 
mum at that L, where a' =T, Fl, + F}T,, =0, while 
Fj falls unambiguously as L, increases; the term T, at 
first increases with L, and can legitimately range arbi- 
trarily high at the inflection point Li, in Figure 2. 
However, beyond Li both T, and F} fall as Lı 
increases. Thus, the range of interest in Figure 3 corre- 
sponds to the range in Figure 2 in the vicinity of the 
inflection point of the sigmoid function. 
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would generate the same shifted loci eventu- 
ally. Unless the authorities raise the tariff 
sufficiently to offset the world price decline, 
the domestic price will fall as well, and the 
equilibrium loci will shift to reflect the re- 
duced values of the marginal products of 
both factors. 

When a political-support maximizing tariff 
is set so as to trade off the interests of 
gainers and losers from protection, the pre- 
diction is that a tariff-setting authority will 
permit the domestic price to decline at least 
partially in response to a fall in the world 
price.” This accords with the characteristic 
of political equilibrium that the authorities’ 
policy response ensures that at least some 
benefit from the fall in the world price is 
passed on to those who have lost as a conse- 
quence of industry protection. Accordingly, 
with full tariff offset for the decrease in 
world price not provided, at least some ben- 
efit from the price decline is dispersed 
throughout the economy to maintain a 
marginal balancing of political support, and 
the industry begins its decline to a new 
equilibrium. Figure 4 illustrates the path of 
industry adjustment. Initially, beginning 
from A, the exit of labor reduces industry 
employment to L?. Eventually, capital also 
begins to be run down in the industry and, 
as the capital stock decreases, more labor 
exits so that labor employment declines 
smoothly along the labor market equilibrium 
locus. However, when the capital stock has 
been reduced to Ky, the relatively faster 
adjusting variable, labor, reaches 4 fold at 
L‘. A further small decline in the capital 
stock below Kf thus induces an abrupt col- 
lapse in industry employment of labor, from 
LE to L410 

This collapse comes about as a conse- 
quence of the accelerating decline in political 
effectiveness and hence loss of support in the 
political market for protection. As adjust- 


°See Sam Peltzman (1976) and, more specifically 
with reference to the optimizing political-influence pro- 
tectionist response to senescent-industry decline, Hill- 
man (1982). 

10This is the “catastrophe” of catastrophe theory. 
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ment continues and employment contracts, 
fewer individuals remain to have their jobs 
protected by government intervention. The 
industry’s political weight is diminished and 
the tariff falls. At L$, protection decreases. 
so rapidly that a further smooth reduction 
in employment of labor could only maintain 
equality of the value of labor’s marginal 
product across industries if the capital stock 
were to increase. This, of course, will not 
happen in the declining industry. So the 
abrupt collapse of employment to L? takes 
place. Subsequently, beyond L%, the in- 
dustry returns to a path of gradual smooth 
contraction until equilibrium consistent with 
the fall in world price and shift in compara- 
tive advantage is reached at (L‘, Kf). 

The sudden exodus of the most footloose 
inputs—new entrants, low-seniority workers, 
and generally less-industry-specific inputs 
—will have a dual image in the rapid decline 
in industry output, and in the rate of return 
to slower-adjusting inputs. This is obviously 
at least casually consistent with the plight of 
the senescent industry and its. region. The 
younger workers leave; the more skilled older 
workers are suddenly asked to take pay cuts 
and see their wages falling; the physical 
equipment and plants have their capital val- 
ues suddenly written down. Ultimately, 
though, the contraction ends and the in- 
dustry output stabilizes at a new, albeit lower, 
level. 

If independently of size industries move 
along the labor-equilibrium locus at the same 
speed, a larger industry requires a longer 
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period of time to reach the stage of rapid 
decline than a smaller industry. This is also 
consistent with the stylized facts. For exam- 
ple, a smaller industry such as footwear re- 
ceives less protection initially and is in or 
closer to the area where political support 
drops off quickly as it declines in response to 
changing comparative advantage. It there- 
fore reaches the stage of abrupt decline 
sooner than a larger industry such as 
textiles.!? 


IV. Concluding Remarks 


Senescent industries do appear to have 
exhibited the phenomenon of output and 
employment collapse in competitive environ- 
ments where nonconvexities due to produc- 
tion indivisibilities appear not to have been 
important. The analysis of feedbacks in 
political-support protectionist responses in 
the course of industry decline presents an 
explanation of such collapse. The depen- 
dence of the effectiveness of lobbying ac- 
tivity on coalition size yields a political- 
equilibrium relation between industry size 
and the tariff level which politically wary 
authorities will provide. Incorporating this 
political response into the adjustment pro- 
cess has revealed the possibility of industry 
collapse based on the character of political- 
market equilibria derived from the theory of 
relative effectiveness of diversely sized politi- 
cal coalitions. 

It is probably not surprising that senes- 
cent industries decline, because in the course 
of their decline they lose their political sup- 
port, so feeding back to exascerbate their 
decline. For example, any efforts made ap- 
pear half-hearted and no one really tries to 
protect the shoe industry in New England 
any more. The surprise is the sudden col- 
lapse. Here we provide one plausible ex- 
planation for such a phenomenon by high- 
lighting the potentially important but ne- 
glected linkages between changing industry 
characteristics and shifting political re- 
sponsiveness during an adjustment episode. 


11We thank a referee for this observation. 
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Measures of Risk Aversion and Comparative Statics 
of Industry Equilibrium 


By ELIE APPELBAUM AND ELIAKIM KATZ* 


In recent years there has been a large 
volume of papers regarding the firm under 
uncertainty. These papers extended the works 
of Agnar Sandmo (1971) and Hayne Leland 
(1972) in various directions. For example, 
Raveendra Batra and Aman Ullah (1974) 
looked at the inputs decision of the firm 
under uncertainty, Katz, Jacob Paroush, 
and Nava Kahana (1983) considered the 
price discriminating firm under uncertainty, 
Katz (1984) examined the optimal location 
of the firm under uncertainty, and so on. 

One of the major contributions of Sand- 
mo’s work was the finding that comparative 
statics results for the firm under uncertainty 
depend on absolute risk aversion and/or 
relative risk aversion. Thus, Sandmo found 
that the effects of changes in fixed costs, 
mean price, and price variability depend on 
whether absolute risk aversion is increasing 
or not, and that the effect of a change in a 
profit tax depends on whether relative risk 
aversion is decreasing or not. 

The dependence of responses of firms un- 
der uncertainty on absolute and/or relative 
risk aversion has been repeatedly confirmed 
in the literature for different scenarios. In 
general, it was shown that assumptions about 
measures of risk aversion are both necessary 
and sufficient for the derivation of conclu- 
sive comparative statics results. 

It is the purpose of this paper to examine 
the extent to which such dependence is still 
true in a model in which the number of firms 
in the market is determined endogenously. 
In other words, we attempt to find out the 
extent to which absolute and/or relative risk 
aversion influence matters in industry equi- 


*York University; Bar Ilan University and York 
University, Downsview, Ontario M35 1P3 Canada. We 
thank John Riley and two referees for useful comments 
and suggestions. 
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librium. It is shown that once a competitive 
equilibrium is introduced, the dependence of 
comparative statics on absolute/relative risk 
aversion all but disappears. Assumptions 
about absolute and/or relative risk aversion 
are either unnecessary or insufficient to sign 
the effects of changes in fixed costs, mean 
price, price variability and the tax rate on 
the output of the individual firm, on industry 
output, and on the number of firms in the 
industry. On the other hand, the effect of a 
change in the reservation utility on the equi- 
librium size of the firm is shown to depend 
on absolute risk aversion. We also compare 
market equilibrium with and without uncer- 
tainty, and show that whereas aggregate out- 
put is smaller with uncertainty, individual 
firms’ output and the number of firms may 
be either larger or smaller. 


I 


Consider a competitive industry of n iden- 
tical firms, each of which produces a homo- 
geneous output g,. The industry demand is 
stochastic and given by 


(1) p=f(Q,A)+ve, 


where Q is total industry output, p is the 
price, 0f/9Q <0, e is a random variable 
such that E(e) =0, E(e”) =1, and A and y 
are shift parameters such that df/dA>0 
and y > 0. Given the symmetry of the firms, 
we have 


(2) 


Let each firm’s profits be given by 


(3) a(q)=pq—C(q)-k, 


where k is fixed costs associated with any 


VOL. 76 NO. 3 


strictly positive output level and C(q) is the 
variable cost function which is assumed to 
be increasing, with C(O) = 0. 

Firms are assumed to be maximizing the 
expected utility of profits E[U(a)] where 
U(-) is a von Neumann-Morgenstern utility 
function such that U’>0 and U” <0 Gm- 
plying risk aversion). Hence, each firm sets 
its output by solving 


(4) Max E [U [pq ~C(q)-k]], 


yielding the first-order condition 


(5) E[U"(r)(p—C(q))] =0, 


and also yielding the second-order condition 
that 0*E[U(7)]/dq? <0. 

In addition, the number of firms in the 
industry is determined by free entry and 
exit, such that in equilibrium the expected 
utility of being in the industry is equal to the 
utility of some benchmark activity. Denoting 
the utility of this benchmark activity by b 
yields the industry equilibrium condition 


(6) £E[U[pq—C(q)—k]]-b=0. 


The equilibrium of our model is, therefore, 
determined by the intersection of equations 
(5) and (6). 

It is useful to characterize the industry 
equilibrium in the (q, u) space, where p= 
E( p) = f(Q). To do this, we first define the 
locus of (q,) combinations which satisfy 
the firms’ optimality condition as 


(7) G(q,n)=E[U’[(u+ ye)q—C(q)—k] 
[e + ye- C'(4)]] =0. 

The slope of this curve is given by 
(8) du /dglgo=—(G,/G,) 
=~G,/(E[U"(-)q(ut ve- C"(4)] 
+ E[U*(-)}). 


Since Gy = E[U”(-[u + ye — C'(4)}*] - 
C'(q)E(U(-)| = #°E[U(m)1/9q? <0 (from 
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the firms’ second-order condition), we know 
that ‚the sign of the slope of G=0 is the 
same as the sign of G,. 

It is well known from the work of Sandmo 
that, if absolute risk aversion is decreasing, 


lIt should be noted that, given risk aversion, the 
convexity of C(q) is a sufficient but not a necessary 
condition for Gy < 0. Thus, instead of assuming convex- 
ity of C, we only need to make the weaker assumption 
that the second-order condition for (4) holds. 


526 THE AMERICAN ECONOMIC REVIEW 


then E[U”(-Xu + ye—C’(q)] is positive. In 
such a case the G=0 curve has a positive 
slope as illustrated in Figure la. If, however, 
absolute risk aversion is increasing, then the 
denominator in (8) may (but need not) be 
negative, as illustrated in Figure 1b. 

Next we define the firms’ iso-expected util- 
ity curves by 


(9) H(q,u)=£[U[(u+ve)q 


-C(q)-k]]= 


For each level of utility H(q, p) =U defines 
the locus of (q, p) combinations which yield 
the utility level U. To find the slope of these 
curves, we define g(#) as the value of q 
which (for a given u) solves G(q, p) =0, 
that is, the optimal output when expected 
price is u. Then, since G(q(u),»)=0 and 
G, < 0 (from the second-order condition), we 
must have 


(10) H,=G(q,u)$0 if q2q(p). 


Thus, since H, = gE{U’(-)] > 0, the slope of 
the iso-expected utility curves is given by 


Gian) y.. 
20 if g2q(n) 





ay £ 
qq | yap H, 


so that the iso-expected utility curves are 
U-shaped as shown in Figure 1. Clearly, 
higher curves represent a higher level of ex- 
pected utility. 

In the short run, for any given p, the firms 
will choose the corresponding output on the 
G =Q curve (i.e., g(u)). The corresponding 
level of expected utility is given by the 
iso-expected utility curve going through the 
point (q(x), p) on the G = 0 curve. In Figure 
1, for any p < p* the firms’ expected utility is 
less than the reservation utility b, whereas 
for any u > p*, the firm’s expected utility is 
greater than b (along the G = 0 curve). 

Industry equilibrium is defined by the pair 
(q*, p*) which lies on the G=0 and H =b 
curves. That is, in industry equilibrium the 
firms’ expected utility will be equal to the 
reservation utility b. This will be brought 
about by free entry and exit of firms with 
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corresponding changes in industry output 
and hence expected price. 

To examine the stability of the system, we 
make the usual assumptions about the re- 
sponse of firms and the industry when out of 
equilibrium. We assume that when H ex- 
ceeds b, new firms enter the industry and 
reduce the mean price and when H is smaller 
than b firms leave the industry and cause t the 
mean price to rise. Thus dp /dt 2 Of Hs b. 
Furthermore, we assume that when “the 
marginal expected utility of profits is nega- 
tive, firms reduce their output and when 
the marginal expected utility is poe 
firms increase their output. Thus dq/dtŽ 
ifG 20. 

Writing the dynamics of the system as 


\,G(4q, 4); 


(12b) dy /dt=—d,[H(q,n)—d], 


(12a) dq/dt= 


where A,, A, are positive adjustment param- 
eters, which without loss of generality can be 
set equal to unity, we have that the system is 
locally stable if trace [J]<0O and |J|>0 
where 


(13) =| G, G, I-|¢ G, | 
-H, -H,| |0 —-H, 


Hence, since trace [J]=G,-H,<0 and 
since |J|= — GH, > 0, we have a stable sys- 
tem. Indeed, since [trace [/]]* —4|J| > 0, we 
have a stable node. 

Finally, it is interesting to compare the 
equilibrium with and without uncertainty 
(and with the case of risk-neutral firms). 
Assuming that under certainty firms face the 
expected price (with certainty) and taking 
b = 0 with U(0) = 0, we get that the G=0 is 
then simply the marginal cost curve, whereas 
the H=0 curve is then the average cost 
curve. But, since from the concavity of U we 
have that E{U[m(q)]} <U[E(7)], we know 
that the average cost curve is lower than the 
H=0 curve. Moreover, since from (4) we 
have p= C'(q)~— y CovlU"(-), e]/E[U(-)] 
> C’(q), the marginal cost curve is also lower 
than the G=0. Thus, we conclude that the 
expected price under certainty (or risk neu- 
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trality) will be lower than under uncertainty, 
and hence total industry output must be 
higher under certainty. Surprisingly, how- 
ever, the output of individual firms and the 
number of firms may be either higher or 
lower under uncertainty. In industry equi- 
librium under uncertainty it is possible, 
therefore, to have either “excess capacity,” 
or “undercapacity.” 


I 


In this section we consider some compara- 
tive statics results of our model. A change in 
any parameter will shift both the H = b and 
G = 0 curves. Hence, to determine the effects 
of a change in a given parameter we have to 
know the direction and the relative shift of 
the curves. Thus, for example, consider the 
case depicted in Figure la. A change in a 
parameter will cause q* to increase, if and 
only if, at the original output level g*, the 
H = b curve shifts up more (down less) than 
the G=0. In the case depicted in Figure 1b 
the opposite is true. Once these ‘shifts are 
known, the comparative statics results follow 
immediately. 


PROPOSITION 1: An increase in fixed costs 
reduces industry output and the number of 
firms in the industry, but raises the output of 
firms remaining in the industry. This result is 
independent of absolute and/or relative risk 
aversion. 


PROOF: 
Denoting the initial equilibrium output by 
q*, we have from (7) and (9) 


H, Elu”~-)\. 1 





dp 
a aa aS 
dk|PZ A, GE|U()| a 
and 
dy G; 
(15) | G=0 T 
dee G, 





_ E[u"-)(p-C’)] 
grE[U" )(p-C’)}+ EJU )] 
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and hence 
du du 
(16) A=— -— 
dk H=b dk G=0 
 1g=4q" q=q" 


ElV] 
q*[E[U"( )(p—-C’)]q*+E[U( )]] 


Thus, if the denominator of A is positive 
then an increase in k shifts the H = b curve 
upwards more than the G=0 curve. This 
case corresponds to Figure la, and as can 
be seen from that figure (this is left to 
the reader), the increase in k clearly raises q 
and pg. 

Alternatively, if the denominator of A is 
negative, the H = b curve shifts upwards by 
less than the G=0 curve. This case corre- 
sponds to Figure 1b. Hence, as is seen from 
that figure, once again the increase in k 
raises q and p. The increase in p implies, of 
course, a smaller number of firms and a 
lower industry output. 


This result should be contrasted with 
Sandmo’s result that the individual firm’s 
output will fall as fixed costs rise, providing 
absolute risk aversion is decreasing. Within 
the context of our diagram, the Sandmo re- 
sult can be obtained by noting that in the 
absence of an industry equilibrium condi- 
tion, p is given. Hence only the G=0 curve 
shifts in accordance with equation (15) yield- 
ing Sandmo’s result. 

The rationale for our result is found in 
equation (6). This equation requires that in 
equilibrium a firm remaining in the industry 
should be no better or worse off than it was 
before the change in fixed costs. Thus, in 
equilibrium its degree of absolute risk aver- 
sion will remain unchanged and hence, the 
way in which risk aversion would alter in 
response to a change in the firm’ s welfare 
does not matter. 


PROPOSITION 2: A spread-preserving. in- 
crease in demand raises industry output and 
the number of firms in the industry, but leaves 
unchanged the output of individual firms. This 
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result is independent of absolute and/or rela- 
tive risk aversion. 


PROOF: 

The demand curve is given by p = f(Q, A) 
+ ye where f, > 0. Consider the effects of a 
change in A. Since our equilibrium condi- 
tions are drawn in the (q,p) plane, any 
parameter which only affects p will not affect 
either the H =b or the G = 0 curves. Hence, 
it follows immediately that an increase in À 
will leave q and u unchanged. 

This neutralization of the effect of A is 
accommodated by the entry of new firms 
into the market. Clearly, for u to remain 
constant, we have 


(17) af/8Q-dQ/ad + af/ar=0, 


so that 


(18) 8Q/ad = —(Af/8d)/9f/dQ > 0. 


Once again the result concerning the indi- 
vidual firm’s output should be contrasted 
with Sandmo’s result that (in the single-firm 
context) such a shift in demand will raise the 
individual firm’s output if absolute risk aver- 
sion is constant or decreasing, but may re- 
duce it if absolute risk aversion is increasing. 


PROPOSITION 3: (a) A mean-preserving 
increase in price uncertainty reduces industry 
output. This result is independent of absolute 
and /or relative risk aversion. (b) The effect of 
a mean-preserving increase in price uncer- 
tainty on the output of individual firms and on 
the number of firms in the industry appears to 
be ambiguous. This is so even if decreasing 
absolute and/or increasing relative risk aver- 
sion are assumed. 


PROOF: 
We have from (8) 
d H. E\U"(-)e 
(19) oe Flue a 
dy" ~~ m, EUO] 


so that, since the H = b curve shifts upwards, 
then regardless of how the G = 0 curve shifts, 
u must rise and hence industry output must 
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decline. However, from (7) we have 


du G, 
OOF, -07T 


q=q 


_ qE[U”()(p-C)e] + B[U-)e] 
gE[U"-)(p-C’)] + E[U(-)] 


which cannot be signed, unless decreasing 
absolute risk aversion is assumed in which 
case —G,/G, can be shown to be positive. 
Nonetheless, even having made this assump- 
tion it appears to be impossible to sign the 
difference between the shifts in the H=b 
and G = 0 curves. 


PROPOSITION 4: An increase in the reser- 
vation utility will reduce industry output and 
raise mean price. If absolute risk aversion is 
nonincreasing, the individual firm’ s output will 
rise and the number of firms in the industry 
will fall. If absolute risk aversion is increasing, 
it is possible that the individual firm’s output 
will fall and the effect on the number of firms 
will be ambiguous. 


PROOF: 

Clearly, a change in b does not alter the 
G =O curve. The H = b curve, however, shifts 
upwards. 


d 
oD Sh yey =-(1/H,)>0. 


q=q* 


Thus, if the situation is as described in 
Figure la, it is clear that both p and q 
increase. If, however, the situation corre- 
sponds to Figure 1b, then u increases but q 
falls. 


Finally, it may be of interest to note the 
effects of changes in a proportional profits 
tax (with full loss offset). The analysis of the 
effects of such a change on the single firm is 
given in Sandmo and extended in Katz 
(1983). While space considerations preclude 
the presentation of the long-run analysis, it 
appears that it is not possible to sign the 
long-run effect of a proportional profits tax 
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on any of the variables under consideration. 
This is the case even if we are prepared to 
make the assumptions of decreasing absolute 
and/or increasing relative risk aversion, un- 

- less an approximation of the utility function 
is made (see Appelbaum and Chin Lim, 1982) 
in which case (with these assumptions) in- 
dustry output will rise with the tax rate, but 
the effect of the tax on q and n will remain 
indeterminate. 
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Organizational Structure and Productivity 


By RONALD WINTROBE AND ALBERT BRETON* 


The analysis of economic growth and that 
of differences in productivity performance 
between firms and countries has mainly been 
conducted within a “growth accounting” ap- 
proach (for example, Edward Denison, 1962). 
In that approach, productivity depends on 
technology, on the quantity and quality of 
labor and capital, and on other inputs; the 
growth rate of productivity, in turn, depends 
on the growth rates of these variables. This 
“explains” growth in the sense of breaking it 
up into its constituent parts. However, it 
does not explain why some firms (or coun- 
tries) are able to achieve those changes in 
capital and knowledge, while others are not. 
The contribution of “organization” to pro- 
ductivity and to its growth is sometimes 
mentioned: in addition to its direct role, 
organization is held to be important in ex- 
plaining the contribution of technological 
change and the accumulation of conven- 
tional inputs. It is presumably effective 
organization which makes possible, and in- 
effective organization which impedes, the 
rapid accumulation of capital inputs, the 
successful adaptation to newer technology, 
and the efficient use of labor. 

However, there is at present no satisfac- 
tory theory which explains why some firms 
are “better organized” than others, or even 
what this means. In this paper, we approach 
this problem by suggesting that employers 
and employees invest in a particular form of 
capital: networks or lines of trust in one 
another. The distribution of networks within 
a firm is related to a number of aspects of 
organizational structure—for example, rate 
of turnover, promotion possibilities, and the 
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availability and flexibility of noncontractual 
payments and other emoluments. The distri- 
bution of trust, in turn, is related to firm 
productivity. So the paper forges a link be- 
tween measurable aspects of organization 
and productivity. We also suggest a new 
and consistent explanation for some other 
phenomena—for example, the well-known 
puzzle that productivity is procyclical and 
Marshall’s hypothesis that firms inevitably 
tend to decline. 

The structure of the paper is as follows. In 
Section I, we define trust capital, discuss its 
relationship to the concept of “reputation” 
developed by Benjamin Klein and Keith 
Leffler (1981) and Carl Shapiro (1983), and 
analyze the accumulation of trust by rational 
individuals. We then discuss the impact of 
the distribution of trust within a firm on that 
firm’s productivity. Section II looks at some 
implications: we show the impact of changes 
in promotions, turnover, and noncontract- 
ual perquisites on productivity, and develop 
the other implications mentioned above. 


J. The Distribution of Trust and 
Organizational Productivity 


There are a number of circumstances 
within a firm which offer potential gains 
from trade between employer and employees 
and among employees. One of these arises 
from the limitations of formal contracts. A 
typical employee (A) is paid a contractual 
salary in exchange for supplying a loosely 
defined set of contractual services. His im- 
mediate superior, whom we will call V (de- 
noting a vertical relationship to A), has con- 
tractual authority over A, but because of the 
incompleteness or rigidity of A’s contract, 
and therefore of V’s authority, there are 
numerous ways in which A could be induced 
to perform his tasks with greater efficiency if 
only A could trust V. Employee A could 
offer such things as extra effort, “consum- 
mate” rather than perfunctory cooperation 
(Oliver Williamson, 1975), more accurate in- 
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formation, minimum red tape, circumven- 
tion of formal procedures, and so on. We 
shall call these services informal or noncon- 
tractual services. In exchange, V could offer 
‘A the prospect of more rapid promotions, 
‘bonuses, expense accounts, a larger budget, 
free travel, a nicer office, better working 
conditions, and so on. In this kind of ex- 
change, subordinates attempt to achieve the 
objectives ‘of their superior more effectively 
in exchange for promises from the superior 
of greater rewards from the resources at his 
disposal. We call these kinds of trades effi- 
cient trades, since, as discussed later, they 
tend to increase the efficiency of production. 

An alternative strategy for subordinates is 
to attempt to obtain these resources through 
deception, trickery, or sabotage, rather than 
by cooperation, a class of behavior studied in 
William Niskanen (1971) and in other mod- 
els which emphasize the pathology or the 
inefficiency of organizational behavior. Thus, 
employees can distort information about their 
performance to make it look better, rather 
than actually improving it (Gordon Tullock, 
1965), distort information on the costs of 
their output in order to obtain a bigger 
budget, manipulate agendas and otherwise 
try to entrap their superiors. Strikes, work to 
rule, and slowdowns are other examples of 
this kind of behavior. 

An important aspect of these kinds of 
behavior, which heretofore has received little 
attention, is that they often cannot be imple- 
mented by a single employee, but may re- 
quire cooperation or agreement among em- 
ployees. That is, they are the outcome of 
trades. This is obvious in the case of slow- 
downs or strikes, but it is often true of 
information distortion or agenda manipula- 
tion, and even of shirking. The reason is that 
the success of any of these strategies requires 
that they be concealed from superiors, or at 
least that (in the case of strategies such as 
work to rule or slowdowns) there is no single 
individual whom superiors can isolate as re- 
sponsible. We shall call these strategies— 
in which subordinates obtain resources by 
tricking or sabotaging their superiors— 
inefficient trades. 

How can either of these kinds of trades 
take place? There is no third-party en- 
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forcement agency within the organization 
which would prevent employees from cheat- 
ing or reneging on their commitments to one 
another or to their employer. The prospect 
of future exchanges may, however, induce 
agents to forego the short-run gains from 
cheating, and agreements may, in Lester 
Telser’s (1980) phrase, be “self-enforcing.” 
Klein and Leffler discuss the conditions for 
this to happen in the context of markets for 
high-quality goods. 

Shapiro, on the other hand, introduces the 
concept of “reputation” as an asset that 
must initially be built up before consumers 
are willing to purchase high-quality goods 
from a firm. The firm signals high quality by 
initially selling high-quality goods at the price 
of low-quality goods. In subsequent periods, 
the firm recovers this investment by charging 
a price premium. Similarly, our earlier study 
(1982), suggests the concept of trust as an 
asset which must be built up before informal 
services or agreements will be exchanged 
within an organization. There are a number 
of processes by which this asset may be 
created. For the purposes of this paper, we 
simply follow Shapiro and assume that 
employees will initially provide informal 
services without demanding full or any com- 
pensation. In subsequent periods, however, 
the price received for informal services or 
agreements must be large enough to yield a 
return on this investment in addition to 
covering their costs. As in Klein-Leffler or 
Shapiro, this premium acts as a deterrent 
against cheating if the present value of the 
returns from honoring commitments ex- 
ceeds the one-shot quasi rent from cheating. 

The concept of trust’ as used hére differs 
from Shapiro’s concept of reputation in one 
respect: it refers to the confidence held by a 
particular buyer in a seller. This confidence 
may be different from that held by other 
buyers, and need not spread to them. Shapiro 
assumes (as do Klein-Leffler) that a firm’s 
reputation is common knowledge among 
consumers. We shall assume that if an agent 


1 The word “trust” has the disadvantage that it some- 
times has ethical connotations, being often confused 
with altruism (on this problem, see Wintrobe, 1981; 
1983). 
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(B) invests in A’s trust (i.e., accumulates the 
asset „T,), that this provides no grounds for 
another agent C to trust B. If B wishes C to 
trust him, it will be necessary to build trust 
separately with C. 

To put it differently, there are two margins 
along which trust can be accumulated—the 
number of relationships and the amount in- 
vested in each one. Since trust is a capital 
good, B’s desired investment in any single 
relationship (,T,) will tend to be larger, the 
more B expects to trade with A in the fu- 
ture, the lower B’s subjective rate of dis- 
count, the larger are B’s opportunities to 
cheat on those trades, and the smaller the 
costs of signalling to A.” If both A and B 
possess opportunities to cheat each other 
(perhaps the typical case within an organiza- 
tion), A will also invest in the reciprocal 
asset ,7,, and A and B may be said to form 
a network. 

We now turn to the link between net- 
works, or trust relationships within organiza- 
tion and productivity. Since both efficient 
and inefficient trades are based on trust, it 
follows that an increase in trust throughout 
the organization will not necessarily increase 
productivity. The crucial variable linking 
trust to productivity is not the absolute 
amount of trust, but its distribution. 

To derive a simple link between the distri- 
bution of trust in a firm and productivity, we 
make the strong assumption that “ vertical” 
or superior-subordinate trades, based on 
vertical trust or networks, are primarily 
efficient trades, while “horizontal” or 
subordinate-subordinate trades—based on 
horizontal trust—are primarily inefficient 
trades. To understand this assumption, con- 
sider first an analogy between networks 
within the firm and interest groups (which 
are also networks) in politics. In the eco- 
nomic theory of interest groups (for example, 
Mancur Olson, 1965, 1982; George Stigler, 
1971; Sam Peltzman, 1976), it is assumed 
that producer coalitions (cartels, labor 


Differences in education, family background, race, 
religion, status and so on are typically thought to imply 
relatively high costs of forming social or trading net- 
works (see Janet Landa, 1981). 
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unions, farm organizations) tend to press for 
inefficient policies. The reason is that such 
groups would pay all of the costs, and realize 
only a small fraction of society’s gain from 
the pursuit of efficient policies (those which 
raise aggregate income). But they can obtain 
the entire gain and pay only a small fraction 
of the cost of inefficient policies—those 
which redistribute income towards them- 
selves at the cost of aggregate income. 

Horizontal networks within a firm face a 
similar tradeoff between activities that ben- 
efit the firm as a whole and those that 
redistribute the firm’s resources in ways 
which benefit themselves but reduce the value 
of the firm. So our assumption that horizon- 
tal trades are inefficient is analogous to the 
assumption concerning the efficiency of 
agreements among sellers in the economic 
theory of interest groups. On the other hand, 
it is usually assumed that a reduction in 
transactions costs between potential buyers 
and sellers increases efficiency (although this 
need not be true if the trade generates exter- 
nal diseconomies), and vertical trades, we 
suggest, more nearly resemble trades of this 
type (the superior is the buyer of the services 
of subordinates). 

It might be objected that horizontal coop- 
eration can raise productivity, as it does in 
Armen Alchian and Haroid Demsetz’ (1972) 
analysis of “team” production, as is claimed 
by those supporting the movement towards 
“participative” management, or as one finds 
in popular discussions of the efficiency of 
contemporary Japanese firms. Moreover, 
vertical trades can be inefficient: the coop- 
eration of subordinates is useful to a shirk- 
ing or embezzling boss. 

However, a necessary (but not sufficient) 
condition for horizontal cooperation to raise 
productivity is that the number of sub- 
ordinates be small. In an assembly line, for 


. example, cooperation among some sub- 


ordinates can only be used to slow the line 
down, not to speed it up. To do the latter, 
cooperation among everyone working on the 
line is required, and it is extremely unlikely 
that the required multilateral trades could 
take place. Indeed, this is the simplest ra- 
tionale for a hierarchical relationship (see, 
for example, Williamson). 
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The importance of small numbers is often 
emphasized by proponents of participative 
management (for example, F. E. Emery and 
M. Emery, 1975; Louis Davis, 1982; J. F. 
Donnelly, 1977), who argue that a precondi- 
tion for their programs to be effective is that 
workers must be broken up into small groups. 
So, at a minimum, one can rationalize our 
assumption concerning horizontal trades as 
applying to the typical large bureaucratic 
firm, and possibly not to firms which are 
organized on participative lines. The analysis 
of Alchian and Demsetz, on the other hand, 
would seem to be applicable only in these 
(relatively isolated) instances. And our as- 
sumption that vertical trades are predomi- 
nantly productivity enhancing can be ra- 
tionalized on the grounds that the number of 
trades required to affect vertical cooperation 
is always relatively small, except in the very 
largest firms. This is one way of explaining 
why classical “diseconomies of large-scale 
management” only seem to make their ap- 
pearance in such firms. 

In addition, while the requirement that 
numbers be small makes it possible for 
horizontal cooperation to enhance produc- 
tivity, it by no means guarantees that result. 
In this connection, it is interesting that while 
the rhetoric of participative management 
promotes the benefits of cooperation, the 
contrast which is typically drawn is that 
between an authority-based and a cooper- 
ative, or trust-based, system (for example, 
Emery and Emery). The distinction between 
horizontal and vertical cooperation is not 
made. Most importantly, the schemes them- 
selves appear to be as much concerned with 
increasing vertical trust as horizontal trust. 
For example, the key to the success of the 
Scanlon plan, according to one of its propo- 
nents, is the “linking pin person”—that the 
head of one team be also part of a success- 
ful working team at the next higher level 
(Donnelly, p. 120). We suggest that these 
schemes are effective to the extent that they 
promote vertical trust rather than horizontal 
trust, and that it is the formation of un- 
wanted horizontal trust which explains why 
these schemes are sometimes unsuccessful, 
and why they have not been more widely 
adopted. Similarly, in the large Japanese firm, 
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it is interesting to note that the much- 
heralded work group always meets with their 
supervisor, and that worker competition 
there, according to at least one Western ob- 
server, “often is decided by a worker’s verti- 
cal relationship to his superiors. Great em- 
phasis is placed on impressing superiors, on 
flattery, and behind-the-door deals. It in- 
creases friction among workers and makes it 
difficult to develop deep horizontal friend- 
ships and worker solidarity” (R. E. Cole, 
1971, pp. 165-66). 

The rest of our assumptions are straight- 
forward. We assume that we can. define the 
variables T, and Ty, the aggregate quanti- 
ties of vertical and horizontal trust capital, 
respectively, and that the firm’s production 
function may be written in the usual way as 


(1) Q=f(K,L,T,,Ty); 


with T, and Ty as well as the conventional 
K and L as arguments. 
Productivity per man is? 


K, L, T,„,T 
(r) go 2 AEE TT 


The assumption that vertical trust enhances 
productivity, while horizontal trust reduces 
it, implies that qry > 0, gry <0, where gry 
=0q/0T,, Ary = 94/ðry. Finally, we as- 
sume that 0?q/0T} <0, and 07q/0T# > 0, 
that is, there are diminishing marginal 
productivity gains to vertical trust and in- 
creasing marginal productivity damages to 
horizontal trust. The first assumption is 
standard; the second may be rationalized as 
follows. Consider a network of employees 
that rests on a certain quantity of horizontal 
trust. That quantity leads to a given flow of 
inefficient informal services and therefore to 
a given reduction in output. To prevent such 
damage, superiors will use resources to 
monitor the inefficient or uncooperative be- 
havior of subordinates. Now suppose Ty in- 
creases, and suppose also that the amount of 


3The production function is not homogeneous of 
degree one in all its arguments including T, and Ty. 
See the second assumption below. 
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resources used in monitoring and sanction- 
ing are increased by the same proportion. 
But, for the usual reason, we must assume 
that the marginal productivity of resources 
used in monitoring diminishes as more and 
more of them are allocated to that task. The 
proposition that it gets increasingly costly to 
monitor uncooperative or disruptive behav- 
ior is a sufficient condition for increasing 
marginal damages from Ty. 

We formulate our analysis in terms of Ty 
and not in terms of monitoring, because 
there are other sources of damages from an 
increase in Ty apart from its effect on moni- 
toring costs. Many inefficient agreements, 
such as those resulting in slowdowns or 
strikes, cause direct losses in output. d7¢/ 
Th would be positive so long as these mar- 
ginal “direct” damages are nondiminishing. 
This assumption seems reasonable. Indeed, 
it is commonly assumed in the analysis of 
activities which generate external disecono- 
mies such as crime (Gary Becker, 1968), or 
pollution (Richard Musgrave and Peggy 
Musgrave, 1976) that marginal direct dam- 
ages are increasing. 


Ii. Implications: Organizational Structure 
and Productivity 


This section develops a set of testable 
hypotheses relating productivity and its 
growth rate to various aspects of organiza- 
tional structure. These implications basically 
derive from two propositions. First, organi- 
zations differ in efficiency primarily because 
of differences among them in the amounts of 
vertical and of horizontal trust. The growth 
rate of productivity, as is the case with 
conventional factors, tends to be related to 
the growth rates of these variables: posi- 
tively related to the rate of growth of T, and 
negatively related to the rate of growth of 
Tp. The growth rate of productivity will, 
however, also be related to their levels, be- 
cause, we suggest, a high level of T, and a 
low level of Ty tend to permit a relatively 
rapid accumulation of conventional inputs 
—physical and human capital. For example, 
a major obstacle to employee investments in 
specific capital is the employee’s mistrust of 
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his employer (low Tp). Similarly, the growth 
rate of physical capital and the rate of adap- 
tation to changes in technology depend on 
the capacity of the organization to absorb 
changes in machinery and methods for using 
it. The higher is Ty, the greater the willing- 
ness of employees to absorb these changes. 
The smaller the amount of Ty, the smaller 
their capacity to disrupt or block them if 
they choose to do so. 

Our second proposition is that differences 
in the levels of T, and Ty can be traced 
to various characteristics of organizational 
structure. These include the amount of 
turnover (X), the probability of promotion 
(P), and the amount of noncontractual per- 
quisites (PE). These variables are readily 
measurable. So, one way to test the theory is 
to correlate productivity—the basic depen- 
dent variable, measured by average produc- 
tivity per man (q), against those variables 
that affect the amount and distribution of 
trust. 

Of course, if the theory developed here is 
correct, all firms will want to choose an 
organizational structure which attempts to 
maximize T, and minimize Ty. However, 
many variations in the structural variables 
considered here are outside the firm’s con- 
trol. Turnover rates are partly related to 
characteristics of the labor force and to 
policies of competing firms; promotions de- 
pend on the growth rate of demand. Conse- 
quently, although the best organizational 
structure is the one that simply maximizes 
Ty and minimizes Ty, the efficient organiza- 
tional structure takes into account the costs 
involved in using different instruments for 
this purpose. 

We shall not attempt to develop a com- 
plete model of the firm here. A complete 
model would describe the equilibrium or- 
ganizational structure (levels of P, PE, and 
X) as a function of the manager’s objective 
function and entrepreneurial capacity, char- 
acteristics of the labor force, the state of 
demand, and the behavior of competing 


‘This point is also made by Masanori Hashimoto 
(1979). 
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firms. For the most part we simply consider 
a “representative” employee and show the 
effects of changes in each of these variables 
on his optimal accumulation of vertical and 
horizontal trust. The aggregate variables T, 
and Ty are assumed to move in the same 
direction as their optimal values for this 
employee and this, via equation (1’), gives 
rise to the predicted relationships between 
structure and productivity. 

The first variable to be considered is em- 
ployee turnover (X). The relevant theoreti- 
cal variable is a subordinate’s subjective 
probability that he will leave the organiza- 
tion. So both quits and firings are included. 
An increase in X reduces the anticipated 
number of future trades between a sub- 
ordinate and his superior and between him 
and other subordinates as well. Thus the 
incentive to any subordinate to accumulate 
either T, or Ty is. diminished, that is, 
aT, /9X and dT,/dX are both negative. 
The fall in T, tends to reduce productivity, 
while the fall in Ty tends to increase it. At 
this level of generality, therefore, productiv- 
ity may rise or fall. Before pushing the anal- 
ysis further, note that this conclusion shows 
a flaw in the conventional treatment of 
turnover (for example, Boyan Jovanovic, 
1979). 

In the conventional literature, turnover al- 
ways reduces productivity. The costs of 
turnover include an increase in administra- 
tion costs and in expenditures on training as 
well as a reduction in employee incentives to 
accumulate firm-specific capital. Since hu- 
man capital is always productivity. enhanc- 
ing, an increase in turnover is always detri- 
mental to productivity. Our theory of trust 
can. be fitted into this framework, because 
trust is also- a form of human capital. Where 
our theory breaks with this literature is in 
emphasizing that not all of the capital accu- 
mulated by subordinates is productivity en- 
hancing. The standard literature assumes that 
it is: consequently, it has no place for cliques 
(networks that reduce the efficiency of the 
firm); for informal practices such as work- 
to-rule, deliberate slowing down of an as- 
sembly line, or reductions in productivity in 
order to raise piece rates; or for top manage- 
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ment groups who sometimes see in fast-ris- 
ing subordinates a potential threat to their 
position and collude to remove or reduce 
that threat. All of these examples of in- 
efficiency are made possible only by invest- 
ments in specific (trust) capital. And all re- 
duce productivity. 

Under what kinds of circumstances would 
we predict that turnover reduces productiv- 
ity and so justify the assumption of the labor 
economics literature? In our framework, 
whether an increase in turnover increases or 
decreases productivity depends on the rela- 
tive sizes of dqg/0T, and 0q/0Ty. These 
are determined in part by the levels of T, 
and Ty since 0°g/dT? <0, and 0°q/dTz > 
0, as argued in Section I. 

Consider a firm in which, initially, turnover 
is very high, and the absolute levels of Ty 
and Ty, therefore, close to zero. Now, sup- 
pose a comparative static fall in the turnover 
rate. At the lower rate of turnover, the yield 
to investments in both T, and T; increases. 
If turnover is still fairly high, the net effect 
may be an increase in productivity. As 
turnover continues to decrease, however, and 
T, and T, continue to rise, diminishing 
returns to T, eventually set in, as do increas- 
ing damages from Ty; eventually, the loss in 
output from the change in Ty outweighs the 
gain from Tp. 

This analysis, while simple, does provide 
some foundation for the proposition that 
firms and other organizations have an inher- 
ent tendency to decline, as suggested by 
writers as diverse as Marshall with respect to 
firms, Robert Michels (1962) with respect to 
political parties (the so-called Iron Law of 
Oligarchy) and, more recently, by Olson 
(1982) with respect to nation states. All of 
these claims, have, however, been based 
primarily on observation, either anecdotal 
(Marshall), historical (Michels), or, in the 
case of Olson, on impressive empirical evi- 
dence. 

In our analysis, organizations tend to de- 
cline because, eventually, their members 
come to know each other “too well” from 
the point of view of the organization as a 
whole. Put simply, the harm caused by the 
increase.in their capacity to make self-serv- 
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ing agreements with each other eventually 
outstrips the benefits to the organization 
from their capacity to cooperate with their 
superiors. The organization can check this 
development by horizontal transfer of em- 
ployees, by monitoring employees more 
closely, by reorganizing the firm, by forcing 
resignations, or by outright firings, but each 
of these instruments ultimately has its limi- 
tations in preventing the accumulation of 
horizontal trust. 

Note that the analysis does not imply that 
decline need be especially rapid. In particu- 
lar, although decline ultimately takes place 
because of excessive horizontal trust, this 
need not take place within a single genera- 
tion if the increase in horizontal trust leads 
to changes in the organization’s formal 
structure which make it easier for subse- 
quent generations to accumulate Ty. The 
analysis does imply that the highest produc- 
tivity among firms in an industry should be 
found among neither its youngest nor its 
oldest firms. 

The second variable to be discussed is 
perquisites (PE) or perks—payments to em- 
ployees that are not part of the employees’ 
contractual wage: bonuses, merit pay, or ex- 
pense accounts, the fabled executive wash- 
room privileges, use of a company car or 
airplane, and so on. Perks also include em- 
ployee.capturable gains from shirking (long 
breaks, on-the-job leisure, etc.). There are 
perks to which all employees are entitled (by 
custom or contract), whereas others are given 
on a discretionary basis. The important the- 
oretical variable for our purpose is discre- 
tionary perks. 

Perks are a means by which superiors may 
pay subordinates for informal services. Their 
chief virtue, from the point of view of super- 
iors, is flexibility: their use need not be 
limited by criteria set up in formal com- 
pensation schemes and they can be given or 
taken away on relatively short notice. There 
are few enough, if any, perks from sub- 
ordinate to subordinate that it is legitimate 
to assume that, in effect, there are none. 
Consequently, in the analysis of the eco- 
nomic function of perks one can assume that 
the yield to Ty remains unchanged whenever 
the amount of discretionary perks at the 
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disposal of superiors changes. If the perks 
that superiors control are used to purchase 
informal services spot, very little, if any T, 
need exist. Under such circumstances, perks 
are a substitute for T,,. On the other hand, if 
the perks superiors control are used for in- 
tertemporal (trust-based) trade, the net yield 
to T, may increase as the volume of perks 
increases. l 

In both cases the productivity of the 
organization will increase as perks increase 
(0q/0PE>0): in the first case, because 
more efficient informal services are purchased 
spot and in the second, because T, makes 
more intertemporal trades possible. In both 
cases, Ty and, therefore, horizontal trades 
are unchanged; it follows that an increase in 
perks will induce subordinates to substitute 
efficient for inefficient trades, thus raising 
productivity. 

One implication of this is that proposals, 
such as the current one in the United States, 
to tax perks would have an adverse effect on 
the productivity of business, to the extent 
that promotions and other noncontractual 
payments not covered by such legislation 
would be insufficient to serve as substitutes 
for taxable perks. Moreover, there will be 
inequities, since the perks taxed will only be 
measurable perks that will be weighted to- 
wards the discretionary rewards category. 

Consider promotions (P) next. If the 
supply of promotions increases, the net re- 
turns to any subordinate of forming trust 
with his superiors—who either decide on 
promotions or whose reports will certainly 
influence that decision—obviously increases 
as well. This implies 0T,/dP >0. On the 
other hand, the more a subordinate expects 
to be promoted, the less he anticipates inter- 
acting in the future with those at his current 
level, (0T,,/0P > 0) and the more he antic- 
ipates trading with his current superiors, 
(3T,/ðP > 0 again). These three effects of a 
larger supply of promotions reinforce each 
other with respect to firm productivity. 
Therefore, the firm’s productivity is posi- 
tively related to the frequency of promotions 
within it. 

Increasing the supply of promotions is 
also costly. Administration and on-the-job 
training costs will tend to be higher. The 
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optimal level of promotions—which takes 
these costs into account—will certainly ex- 
pand when demand and therefore the size of 
the organization is growing. It follows that 
there is also a positive relationship, ceteris 
paribus, between the growth rate of demand 
and productivity. 

One interesting implication of the positive 
association between growth, promotions, and 
productivity is that average productivity will 
be procyclical, as suggested by the evidence 
~—evidence that has puzzled economists since 
the 1930’s. In addition, our explanation of 
the procyclical behavior of productivity is 
both simple and intuitively appealing. When 
demand is growing, prospects for promotion 
are relatively good, and employees will want 
to maintain or deepen their relationship with 
their superiors, who will be deciding whom 
to promote. On the other hand, when de- 
mand is falling, prospects for promotion are 
slim, and the yield to these investments is 
relatively small. Network investments and 
trading therefore tend (other things equal) to 
be relatively efficient in periods of growth 
and relatively inefficient in periods of de- 
cline. This change in trading, which will take 
place throughout the organization, is re- 
flected in the data on productivity. 


III. Conclusion 


In this paper, we have presented an analy- 
sis of the economists’s “black box’”—the 
relationships within a firm. The essence of 
the analysis is that these relationships are 
governed by noncontractual exchanges, and 
that these exchanges are made possible by 
the accumulation of trust between the em- 
ployer and his employees (vertical trust) and 
among the employees (horizontal trust). 


5It has been suggested that when demand is falling, 
employees may also want to deepen their relationship 
with their supervisors to avoid being dismissed. How- 
ever, the yield to Tp fails as the probability of dismissal 
rises (see the discussion of turnover in the text). In any 
case, the strategy may not be credible, and superiors can 
be expected to favour those who are already members 
of their networks, and who will at the same time be 
“calling in” their loans to avoid dismissal. See our 
earlier study for further discussion. 
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Using the strong assumption that the pro- 
ductivity of firms depends positively on the 
amount of vertical trust, and negatively on 
horizontal trust, we derived a number of 
implications with respect to the effect of 
organizational structure on productivity. In 
addition, we suggested simple and intuitively 
appealing explanations for a number of 
otherwise puzzling phenomena: for example, 
that productivity tends to be procyclical 
(since growing demand tends to raise the 
attractiveness of vertical relative to horizon- 
tal exchange), Marshall’s hypothesis that 
firms and other organizations tend to decline 
with age (as both vertical and horizontal 
trust accumulate, the productivity-diminish- 
ing effects of horizontal exchanges ultimately 
outweigh the productivity-augmenting effects 
of vertical exchanges), and that increased 
turnover need not diminish productivity. 


REFERENCES 


Alchian, Armen A. and Demsetz, Harold, “Pro- 
duction, Information Costs, and Eco- 
nomic Organization,” American Economic 
Review, December 1972, 62, 777-95. 

Becker, Gary S., “Crime and Punishment: An 
Economic Approach,” Journal of Political 
Economy, March/April 1968, 76, 169-217. 

Breton, Albert and Wintrobe, Ronald, The Logic 
of Bureaucratic Conduct, New York: Cam- 
bridge University Press, 1982. 

Cole, R. E., Japanese Blue Collar: The Chang- 
ing Tradition, Berkeley: University of 
California Press, 1971. 

Davis, Louis E., “Organization Design,” in G. 
Sadvendy, ed., Handbook of Industrial En- 
gineering, New York: Wiley & Sons, 1982. 

Denison, Edward F., The Sources of Economic 
Growth in the United States and the Alter- 
natives before Us, New York: Committee 
for Economic Development, 1962. 

Donnelly, J. F., “Participative Management at 
Work: An Interview with John F. Don- 
nelly,” Harvard Business Review, Janu- 
ary/February 1977. 

Emery, F. E. and Emery, M., “Participative 
Design: Work and Community Life,” Oc- 
casional Papers in Continuing Education, 
No. 4, Centre for Continuing Education, 
Australian National University, 1975. 


538 THE AMERICAN ECONOMIC REVIEW 


Hashimoto, Masanori, “Bonus Payments, On- 
The-Job Training, and Lifetime Employ- 
ment in Japan,” Journal of Political Econ- 
omy, October 1979, 87, 1086-104. 

Jovanovic, Boyan, “Job Matching and the 
Theory of Turnover,” Journal of Political 
Economy, October 1979, 87, 972-90. 

Klein, Benjamin, and Leffler, Keith B., “The 
Role of Market Forces in Assuring Con- 
tractural Performance,” Journal of Politi- 
cal Economy, August 1981, 89, 615-41. 

Landa, Janet T., “A Theory of the Ethnically 
Homogeneous Middleman Group: An In- 
stitutional Alternative to Contract Law,” 
Journal of Legal Studies, June 1981, 10, 
349-62. 

Michels, Robert, Political Parties, New York: 
Free Press, 1962. 

Musgrave, Richard A. and Musgrave, Peggy B., 
Public Finance in Theory and Practice, 2nd 
ed., New York: McGraw-Hill, 1976. 

Niskanen, William A., Jr., Bureaucracy and 
Representative Government, Chicago: Al- 
dine-Atherton, 1971. 

Olson, Mancur, The Logic of Collective Ac- 
tion, Cambridge: Harvard University 


JUNE 1986 


Press, 1965. 
, The Rise and Decline of Nations, 


New Haven: Yale University Press, 1982. 


Peltzman, Sam, “Towards a More General 
Theory of Regulation,” Journal of Law 
and Economics, August 1976, 19, 211-40. 

Shapiro, Carl, “Premiums for High Quality 
Products as Returns to Reputations,” 
Quarterly Journal of Economics, November 
1983, 98, 659-79. 

Stigler, George J., “The Theory of Economic 
Regulation” Bell Journal of Economics, 
Spring 1971, 2, 3-21. 

Telser, Lester, “A Theory of Self-Enforcing 
Agreements”, Journal of Business, January 
1980, 53, 27—40. 

Tullock, Gordon, The Politics of Bureaucracy, 
Washington: Public Affairs Press, 1965. 
Williamson, Oliver E., Markets and Hierarchies, 

Glencoe: Free Press, 1975. 

Wintrobe, Ronald, “It Pays To Do Good, But 
Not To Do More Good Than It Pays,” 

. Journal of Economic Behaviour and Or- 
ganization, September 1981, 2, 201-13. 

, “Taxing Altruism,” Economic In- 

quiry, April 1983, 2/, 255-69. 





Robert Giffen and the Irish Potato: Note 


By ULRICH KOHLI* 


In their paper in this Review (1984), Gerald 
Dwyer and Cotton Lindsay express serious 
doubts about the existence of a Giffen-good 
paradox during the 1845-49 Irish potato 
famine. While many of their arguments and 
their main conclusion are convincing, one 
important step in their demonstration needs 
to be qualified. 

Dwyer and Lindsay argue that nineteenth- 
century Ireland was essentially a closed 
economy, and hence that the supply of 
potatoes was exogenous. The sharp drop in 
the supply of potatoes in 1845-49 must 
therefore be viewed as a market experiment, 
rather than an individual experiment, with 
the price of potatoes an endogenous variable. 
Dwyer and Lindsay consider the following as 
a major problem with the common view that 
potatoes are a Giffen good: “...With an 
upward-sloping demand curve, a decrease in 
supply results in a lower, not a higher, 
price....This possibility is ludicrous: a large 
part of a country on the brink of starva- 
tion, and the market price of potatoes falls?” 
(p. 189). Dwyer and Lindsay then present 
some indirect evidence that the price of pota- 
toes, far from falling, actually increased. This 
outcome seems inconsistent with the Giffen- 
good hypothesis. 

The purpose of this note is to show with 
the help of a simple general equilibrium 
model that evidence of a price increase is not 
necessarily incompatible with the Giffen- 
good hypothesis, although the hypothesis 
must nevertheless be rejected in the Irish 
case on the basis of additional evidence pre- 
sented (but not fully exploited) by Dwyer 
and Lindsay regarding the movement of 
prices of potato substitutes. This exercise 


*Professor of Economics, University of Geneva, 
2 Rue de Candolle, CH-1211 Geneva 4, Switzerland. I 
am grateful to W. Erwin Diewert, Philip Graves, Edward 
Morey, and an anonymous referee for their comments 
on an earlier version of this note. 
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proves instructive, for it reveals an interest- 
ing property of the Giffen-good model that 
seems to have gone unnoticed in the past. 

The analysis presented by Dwyer and 
Lindsay is in terms of the inverse of the 
Marshallian demand curve. That is, they im- 
plicitly treat nominal income and the prices 
of all goods other than potatoes as given. For 
simplicity, assume that there are only two 
goods, and let the Marshallian demand for 
potatoes be given by 


(1) 


where gp is the quantity of potatoes, pp is 
the price of potatoes, p,, is the price of the 
other good (say meat), and Y is nominal 
income. The inverse of the Marshallian de- 
mand function expresses the price of pota- 
toes as a function of the quantity available, 
and is defined as 


(2) 


One can easily see that 0g(.)/dqp=[dd(.)/ 
Opp)” '. It is well known that dd(.)/dpp> 0 
if potatoes are a Giffen good, hence dg(.)/ 
ðqp> 0 as well. That is, a decrease in the 
available supply of potatoes must lead to a 
reduction in the price of potatoes. As noted 
by Dwyer-Lindsay, any evidence to the con- 
trary should lead to the rejection of the 
Giffen-good hypothesis. 

Crucial in the above argument is the as- 
sumption that py is given. While Ireland 
was a Closed economy in potatoes, it was not 
isolated economically, and it may well be 
that other goods were available at given in- 
ternational prices. This is possibly the view 
implicitly held by Dwyer and Lindsay. How- 
ever, there is a certain ambiguity in this 
regard, for they explicitly argue that Ireland 
was a peasant economy that was closed in 
food. Furthermore, they present evidence that 
the prices of potato substitutes increased 
substantially during the famine. This last 


dp = d( pp, Pm Y), 


Pp=8(4p, Pm Y). 
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observation is inconsistent with the assump- 
tion of a perfectly elastic supply. 

Let us assume therefore that rural Ireland 
was indeed a closed economy, that is, that 
the supplies of potatoes as well as of meat 
were given. The price effect of an exogenous 
reduction in the supply of potatoes can then 
be analyzed with the help of the inverse 
demand for potatoes. Inverse demand sched- 
ules express prices as functions of quantities. 
In this example, the inverse demand for 
potatoes is defined as 


(3) Pp=h(4p,4m.¥), 


where qy is the available quantity of meat. 
Note the difference between (2) and (3).? In 
the former, the price of meat is considered 
exogenous and the quantity demanded is im- 
plicitly treated as endogenous, while the re- 
verse is true in the latter. 

Inverse demand functions are generally 
downward sloping (for example, see Ronald 
Anderson), that is, dh(.)/dqp <0, and it 
turns out that this is also true for Giffen 


1T use the terminology of Ronald Anderson (1980), 
W. Erwin Diewert (1980), and John Weymark (1980). 

? Many authors, when discussing inverse demand, do 
so in a one-good context, in which case the distinction 
between (2) and (3) vanishes. See Hal Varian (1978), 
and James Henderson and Richard Quandt (1971, 
p. 134), for instance. 
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goods. This can be shown graphically with 
Figure 1 that depicts a pair of indifference 
curves in the quantity (potatoes, meat) space. 
The graph is drawn under the assumption 
that potatoes are a Giffen good at point QF. 
(An increase in the price of potatoes, as 
depicted by the steeper budget line, would 
indeed raise the demand for potatoes, with 
equilibrium moving from Q! to Q?.) 

Figure 1 can easily be used for market 
experiments. Once the supply of goods is 
given, the marginal rate of substitution at 
that point determines the market-clearing 
price ratio. Knowing nominal income, abso- 
lute prices can be determined as well. Con- 
sider now the effect of a drop in the supply 
of potatoes, for a given quantity of meat. 
This change, described in Figure 1 by a 
movement from Q! to Q?, is accompanied 
by an increase in the marginal rate of sub- 
stitution between meat and potatoes; that is, 
the relative price of potatoes increases. This 
result is hardly surprising: a drop in the 
supply of potatoes, by reducing real income, 
raises the demand for potatoes and lowers 
the demand for meat. Moreover, it is visible 
from Figure 1 that, compared to the original 
situation, the vertical intercept of the price 
line (new position not drawn) moves up- 
wards, while the horizontal intercept shifts to 
the left. Hence, for given money income, the 
price of potatoes increases and the price of 
meat falls in absolute terms.? 

The analysis can also be conducted in 
terms of the Marshallian demand curve. Fig- 
ure 2 is similar to Dwyer and Lindsay’s 
graph (lower panel). Dwyer and Lindsay 
argue that a decrease in the supply of pota- 
toes, from q} to q}, leads to a price fall, 
from p} to p3, under the Giffen-good hy- 
pothesis. Implicit in their analysis is the as- 
sumption that the price of meat remains 
unchanged. Yet if the supply of meat is 
given, its price must fall as the result of the 
reduction in the supply of potatoes. Hence 
the Marshallian demand curve must shift 


3See my 1985 paper for a mathematical proof of the 
same proposition. 
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leftwards, from d to d’. The earlier discus- 
sion points out that the shift must be large 
enough to result in an increase in the price of 
potatoes, from p} to, say, pĝ. 

In these circumstances, an increase in the 
price of potatoes is not inconsistent with the 
Giffen-good hypothesis. What contradicts the 
hypothesis, however, is the evidence of an 
increase in the price of potato substitutes. 
Indeed, the model predicts that, for given qw 
and Y, a reduction in qp results in a fall in 
Pu if potatoes are a Giffen good. Although 
nominal income almost certainly did not re- 
main constant during the 1845—49 events, it 
is hard to imagine that it actually increased. 
Hence a rise in py is incompatible with the 
Giffen-good hypothesis. Thus, Dwyer and 
Lindsay’s conclusion remains intact, but the 
relevant piece of evidence is the increase in 
the price of potato substitutes, not the in- 
crease in the price of potatoes. 

Dwyer and Lindsay conclude their discus- 
sion by arguing that the Giffen-good concept 
has no application in closed economies where 
the supplies of goods are given. This is not 
necessarily true. Giffen goods may exist in 
open as well as in closed economies, but it 
simply turns out that Giffen goods do not 
display any spectacular property with respect 
to inverse demands. This is not so for meat, 
however. It is worthwhile noting that a de- 
crease in the supply of meat (for example, 
resulting from an outbreak of foot-and- 
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mouth disease, depicted by the movement 
from Q! to Q* in Figure 1) would actually 
result in a lower price of meat. This is visible 
from the upward movement of the intercept 
of the price line when the endowments point 
shifts from Q! to Q*. Hence, for given nomi- 
nal income, the price of meat must fall. That 
is, the uncompensated inverse demand for 
meat is positively sloped,* and meat could 
therefore be termed an anti-Giffen good.° 
This property of the potatoes-meat model 
seems to have gone unnoticed in the past, for 
attention is generally focused on potatoes, 
yet is is meat that behaves abnormally when 
it comes to inverse demand. 


+The uncompensated inverse price elasticity can be 
decomposed into two parts: a pure substitution term 
and a scale effect (Anderson). Although scale effects are 
normally negative, it is positive in the case of meat; 
moreover, it is large enough to dominate the negative 
substitution effect. Put another way, the income elastic- 
ity of meat is so large that a drop in its supply, by 
lowering real income, results ceteris paribus in a fall in 
demand that actually exceeds the reduction in supply. 

5 This name is inspired by I. F. Pearce’s (1964) use of 
the term antidemand to designate inverse demand anal- 
ysis. Jack Hirshleifer (1980) uses the term ultrasuperior 
to refer, in the two-dimensional case, to the partner of 
an inferior good. Anti-Giffen goods are ultrasuperior, 
but the reverse is not necessarily true. 
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Marx and Malthusianism: Comment 


By MIGUEL D. RamirEz* 


In a recent article in this Review (1984), 
Samuel Hollander suggests that the secular 
path of real wages in the Marxian model 
tends toward a subsistence wage at which 
population growth ceases. He attributes this 
decline to a higher growth rate in population 
relative to a positive but decreasing rate of 
growth in the demand for labor power. From 
this he contends that, in contrast to the 
Malthusian prescription, Marx “...is open 
to the objection that, with no check at all to 
the population growth rate, the deterioration 
would have been sharper still” (p. 148). The 
implication of Hollander’s argument is clear 
enough, for if accepted, it would necessarily 
lead one to dismiss Marx’s claim that: 
“ ,.every special historic mode of produc- 
tion has its own special laws of population, 
historically valid within its limits alone. An 
abstract law of population exists for plants 
and animals only, and only in so far as man 
has not interfered with them (Capital, 1, 
1967, p. 632). 

This comment takes issue with the thesis 
advanced by Hollander on two major points. 
First, the secular decline in the value of 
labor, power is a result of the increasing 
productivity of labor rather than the diver- 
gence between the respective growth rates in 
population and the demand for labor power. 
Second, this is perfectly consistent with con- 
stant or even rising absolute real wages (price 
of labor power) for the active part of the 
working class.! 


*Department of Economics, University of North 
Florida, Jacksonville, FL 32216. I acknowledge the val- 
uable comments and criticisms of Cindy A. Jacobs. 

‘Ernest Mandel observes that “The idea that the real 
wages of the workers decline more and more is totally 
alien to Marx’s writings” (1968, p. 151). He goes on to 
say, “What one finds in Marx is an idea of the absolute 
impoverishment not of the workers, the wage earners, 
but of that section of the proletariat which the capitalist 
system throws out of the production process: un- 
employed, old people, disabled persons, cripples, the 
sick, etc.” (p. 151). A similar but more formal argument 
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Thus, population control is neither a nec- 
essary nor a sufficient condition in assuring 
against falling real wages for a changing 
social productivity of labor. Put differently, 
the supply of labor power to the advanced 
capitalist sector is the crucial supply variable 
—not the rate of population growth. 

I begin by reviewing Hollander’s useful 
distinction between Marx’s value of labor 
power and the classical school’s minimum 
subsistence wage. Next, it is shown that the 
value of labor power is determined by the 
social productivity of labor rather than fac- 
tors exogenous to the system (population). 
The discussion is brought to a close by 
focusing on the prime mover of the path of 
relative real wages in the Marxian model: the 
endogenously determined supply of labor 
power (surplus population) to the advanced 
capital sector. 


I. The Minimum Limit and the Value 
of Labor Power 


Hollander correctly identifies the relation- 
ship between the value of labor power and 
the subsistence wage of the classical school. 
However, rather than quoting at length from 
Marx’s speech on “Wages, Price and Profit” 
to the workers in 1865, he could have re- 
ferred directly to Capital for a more com- 
plete and formal presentation of the subject. 
In chapter VI, Marx observes that 


The minimum limit of the value of 
labour-power is determined by the 
value of the commodities, without the 
daily supply of which the labourer can- 
not renew his vital energy, conse- 
quently by the value of those means of 
subsistence that are physically indis- 


is advanced by Thomas Sowell (1960) in his seminal 
article. Lastly, William Baumol (1983) makes an elo- 
quent case for Marx’s rejection of the Malthusian model 
(see pp. 305-06). 
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pensable. If the price of labour-power 
falls to this minimum, it falls below its 
value, since under such circumstances 
it can be maintained and developed 
only in a crippled state. But the value 
of every commodity is determined by 
the labour-time requisite to turn it out 
so as to be of normal quality. 

[Vol. I, p. 173] 


By “normal quality,” I believe Marx means 
that this particular commodity must be sup- 
plied to the capitalists in a state which en- 
sures the latter’s continuous conversion of 
money into capital. In his words, “...the 
sum of the means of subsistence...must in- 
clude the means necessary for the labourer’s 
substitutes, i.e., his children, in order that 
this race of peculiar commodity-owners may 
perpetuate its appearance in the market” 
(Capital, I, p. 172). 

Two points must be made here. First, the 
value of labor power presupposes a positive 
rate of population growth. More precisely, if 
we denote the value of labor power by v, the 
minimum limit by m, and the fixed differen- 
tial between them by d, then the rate of 
change in population is given by 


(1) dP/dt=ad(t),  a>0 


and = dP/dt > 0 


since d(t) = (v(t)— m(t)) > 0. 

The value of labor power and the sub- 
sistence wage are posited as functions of 
time for, as shall be seen in the next section, 
they vary with the social productivity of 
labor in the wage-goods industries. Second, 
the price of labor power would never be 
reduced to its minimum limit for any signifi- 
cant period of time since that would under- 
mine the accumulation process itself. As 
Marx correctly observes, “Then again, the 
labour-power itself must be of average 
efficacy. In the trade in which it is being 
employed, it must possess the average skill, 
handiness and quickness prevalent in that 
trade, and our capitalist took good care to 
buy labour-power of such normal goodness” 
(Capital, I, p. 196). Hollander is. clearly in 
error to suggest that Marx believed that the 
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price of labor power would be reduced to its 
minimum limit. 


Il. The Secular Path of Wages and 
Technological Change 


The one outstanding feature of the capital- 
ist system is its immense social productivity. 
It is ceaselessly changing the methods of 
production so as to permit ever-increasing 
rates of accumulation. Marx, as opposed to 
Malthus and Ricardo, clearly understood 
that technological change was a necessary 
condition for the continued existence of the 
capitalist system as the following passage 
reveals:? “...with the advance of capitalist 
production and the attendant development 
of the productiveness of social labour and 
multiplication of the production branches, 
hence products, the same amount of value 
represents a progressively increasing mass 
of use-values and enjoyments” (Capital, II, 
p. 219). 

This ever-increasing quantity of “use-val- 
ues and enjoyments” would not only benefit 
the capitalist class, but also the active part of 
the working class since, according to Marx, 
“..it is possible with an increasing produc- 
tivity of labor, for the price of labour-power 
to keep on falling, yet this fall to be accom- 
panied by a constant growth in the mass of 
the labourers means of subsistence” (Capital, 
I, p. 523). 

Marx goes on to make a similar, yet more 
direct statement between productivity and 
absolute real wages later: “But hand-in-hand 
with the increasing productivity of labour, 
goes, as we have seen, the cheapening of the 
labourer, therefore a higher rate of surplus 
value, even when the real wages are rising. 
The latter never rise proportionately to the 
productive power of labour” (Capital, I, 
p. 604). 

Finally, Marx remarks in Volume III of 
Capital that “If wages fall in consequence of 


2For a simple, but not simplistic, explanation of the 
process of accumulation see Paul Sweezy (1970, pp. 
75-95). Fred Gottheil also provides a lucid account of 
the role of technological change in the Marxian model 
(1966, pp. 88-115). 
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a depreciation in the value of labour-power 
(which may even be attended by a rise in the 
real price of labour), a portion of the capi- 
tal hitherto invested in wages is released” 
(p. 114). Thus, Hollander’s assertion that 
Marx held the view that real earnings 
declined in the ordinary sense of that term is 
completely unfounded (see p. 146).> In fact, 
Marx was well aware of the relative deterio- 
ration of the worker’s position since, he re- 
marks,‘ “But even in such case, the fall in the 
value of labour-power would cause a corre- 
sponding rise of surplus-value, and the abyss 
between the labourer’s position and that of 
the capitalist would keep widening” (Capital, 
I, p. 523). 

Hollander’s thesis, then, is reduced to a 
presumed deterioration in relative real wages 
as a result of “...a greater proportional de- 
cline in the growth rate of labor demand 
than supply...” (p. 148). Let us examine it. 


If. Surplus Population and the Path 
of Relative Real Wages 


The key supply variable in the Marxian 
model is not the rate of population growth, 


3In a similar vein, the value of labor power falls by 
less than the increase in the productivity of labor in the 
wage-goods industries. More precisely, 


b= aÈ, 1> faj/>0 
where é is the rate of growth in productivity in the 
wage-goods industires. This arises because with the 
growth in the social productivity of labor, many goods 
which were once luxury goods are now incorporated in 
the subsistence minimum. For further detail, see Sowell’s 
argument (pp. 115-16). Also, Mandel observes that 
“ ..the growth in the productivity of labour has a 
contradictory effect on wages. To the extent that it 
reduces the value of the means of subsistence it tends to 
cut down...the value of labour-power. To the extent 
that it reduces the value...of many luxury products. ...it 
tends, on the contrary to increase the value of labour- 
power” (pp. 147-48). 

fA more direct statement of this view is found in 
Marx’s address to the First International (1865) where 
he declares that “By virtue of the increased productivity 
of labour...the value of labour would have sunk, but 
that diminished value would command the same amount 
of commodities as before.... Although the labourer’s 
absolute standard of life would have remained the same, 
his relative social position, as compared with that of the 
capitalist, would have been lowered” (Wages, Price and 
Profit, p. 65). 
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as Hollander presumes, but the supply of a 
surplus population to the capitalist sector. It 
is inextricably connected with the develop- 
ment of the productive forces’ which cease- 
lessly takes place under this form of produc- 
tion. Marx was quite unambiguous on this 
point: 


But if a surplus labouring popula- 
tion is a necessary product of accumu- 
lation or of the development of wealth 
on a capitalist basis, this surplus- 
population becomes...a condition of 
existence of the capitalist mode of 
production. It forms a disposable in- 
dustrial reserve army, that belongs to 
capital quite as absolutely as if the 
latter bred it at its own cost. Indepen- 
dently of the actual increase of popula- 
tion.... [ Capital, I, p. 632] 


The nature of this surplus population— 
and its secular rise—can only be understood 
by referring to its three major components: 
what Marx terms the floating, the latent, and 
the stagnant forms of the relative surplus 
population. The first of these forms is gener- 
ated by “...automatic factories ...where 
machinery enters as a factor, or only the 
modern division of labor is carried out...” 
(Capital, I, p. 641). That is, the accumulation 
of capital not only increases the demand for 
labor, it also displaces labor via its intro- 
duction of capital-intensive technology. In 
Marx’s words, 


...its accumulation, on the one hand 
increases the demand for labour, it in- 
creases on the other the supply of 
labourers by the “setting free” of them, 
whilst at the same time the pressure of 
the unemployed compels those that are 
employed to furnish more labour, and 
therefore makes the supply of labour, 
to a certain extent, independent of the 
supply of labourers. [Capital, I, p. 640] 


The latent component is generated from 
the extension of capitalist production to the 


5 Marx correctly assumes that technological change is 
capital intensive (labor saving) in nature. For further 
detail, see Capital, 1, pp. 621-28. 
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agricultural sector. For as soon as capital-in- 
tensive methods of production are intro- 
duced in agriculture: “...the demand for an 
agricultural labouring population falls ab- 
solutely.... Part of the agricultural popula- 
tion is therefore constantly on the point of 
passing into an urban or manufacturing pro- 
letariat.... This source of relative surplus- 
population is thus constantly flowing” (Cap- 
ital, I, p. 642). 

Finally, we have the stagnant form of the 
relative surplus population, viz., that compo- 
nent which “...forms a part of the active 
labour army, but with extremely irregular 
employment” (p. 643). According to Marx, it 
is characterized by both relatively longer 
hours of work and lower real wages. Its 
recruits are by and large “...from those 
decaying branches of industry where handi- 
craft is yielding to manufacture, manufac- 
ture to machinery” (p. 643). 

There exists, therefore, a continuum with 
the precapitalist sector, agriculture, at one 
extreme, and the advanced capitalist sector, 
automated factories, at the other. The in- 
termediate range is composed of family 
businesses, mining enterprises, small-scale 
manufacture and industry. At this juncture, 
Hollander argues that with the increasing 
rate of accumulation, the net demand for 
labor in the advanced industries of the 
capitalist sector increases at a decreasing 
rate. He goes on to say that this presumes an 
absolute increase in population; and thereby 
concludes that a reduced population growth 
rate can retard or prevent falling relative real 
wages. Meanwhile, he has overlooked the 
fact that the introduction of capital-intensive 

‘methods of production in agriculture and the 
decaying part of the capitalist sector is con- 
stantly increasing the supply of labor power 
to the advanced part. 

From this it follows that even with a de- 
celeration in the population growth rate, if it 
is not sufficiently great to offset the rising 
growth rate in the surplus population, it will 
not prevent or retard relative real wages 
from falling. That this is what Marx had in 
mind is evident from the following: “What 
were the consequences for the Irish labourers 
left behind and freed from the surplus-popu- 
lation? That the relative surplus-population 
is today as great as before 1846; that wages 
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are just as low.... The revolution in agricul- 
ture has kept pace with the absolute depopu- 
lation” (Capital, I, p. 704). 

Hollander dismisses this argument against 
Malthus as unconvincing since it is the result 
of “The intervention of ‘disturbing causes,’ 
in the present case the agricultural revolu- 
tion...” (p. 149). However, what he—and 
Malthus before him—fail to realize is that 
the revolution in: agriculture arises not in 
spite of, but because of the capitalist mode 
of production. It is not a fortuitous occur- 
rence, but a necessary condition for the con- 
tinued existence of capitalist production. 
And this brings us to the fundamental dif- 


‘ference between Marx and the classical 


school, for as Paul Sweezy remarked: 


The latter is, in principle, uncon- 
cerned with changes in methods of 
production; economic development is 
viewed exclusively in terms of (grad- 
ual) quantitative changes in popula- 
tion, capital, wages, profit, and rent. 
Social relations remain unaffected; the 
end product is simply a state of affairs 
in which all these rates of change equal 
zero. Since the Marxian view lays 
primary stress on changes in methods 
of production, it implies qualitative 
change in social organization and so- 
cial relations as well as quantitative 
change in economic variables as such. 

[1970, p. 94] 


IV. Conclusion 


Three major conclusions have emerged 
from this comment. First, the price of labor 
power would never be reduced to its mini- 
mum limit since that would threaten the very 
existence of the capitalist system. Second, 
Hollander incorrectly attributes to Marx a 
theory of wages which calls for a fall in 
absolute real wages. Finally, the crucial 
supply variable is the endogenously de- 
termined surplus population rather than the 
total population. 
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Marx and Malthusianism: Reply 


By SAMUEL HOLLANDER* 


There is a singular unwillingness to recog- 
nize Marx’s pronouncements regarding the 
tendency of the commodity wage to decline, 
the subject matter of my 1984 paper. Thus 
Miguel Ramirez (1986) concedes only a sec- 
ular decline in the value of labor power 
reflecting increasing productivity. He also al- 
lows a relative decline in real wages com- 
pared with the return to property, which he 
accounts for by an inflow of labor into the 
advanced capitalist sector from agriculture 
and “the decaying part of the capitalist sec- 
tor” (p. 546)—rather than by population 
growth. I do not see that Ramirez has dem- 
onstrated the inadequacy of the textual evi- 
dence used in support of my position that 
Marx intended a decline in the commodity 
wage. Nonetheless, he raises the valid ques- 
tion whether it is in fact the inflow into the 
advanced industrial sector rather than net 
population growth in the face of a decelera- 
tion in labor demand that is responsible for 
the secular fall in commodity wages as J 
maintain in my earlier paper. 

One of the “laws” of capitalism is the 
conversion of the working class “into a 
class...whose ordinary wages suffice, not 
only for its maintenance, but for its increase” 
(Capital, I, p. 581; emphasis added). I under- 
score the argument by calling attention to 
the particularly high death rate among fac- 
tory operatives: “The consumption of la- 
bour-power by capital is...so rapid that the 
labourer, half-way through his life, has al- 
ready more or less completely lived himself 
out.... It is precisely among the work people 
of modern industry that we meet with the 
shortest duration of life” (p. 641). Marx, 
taking for granted net population growth as 
an aspect of the general process of capitalist 
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development, points to peculiarly high mar- 
riage and birth rates to assure such growth: 


In order to conform to these cir- 
cumstances [physical disability and high 
mortality] the absolute increase of this 
section of the proletariat must take 
place under conditions that shall swell 
their numbers, although the individual 
elements are used up rapidly. Hence, 
rapid renewal of the generations of 
labourers (this law does not hold for 
the other classes of the population). 
This social need is met by early mar- 
riages, a necessary consequence of the 
conditions in which the labourers of 
modern industry live, and by the pre- 
mium that the exploitation of children 
sets on their production. [p. 642] 


The net increase in labor supply in the mod- 
ern industrial sector is thus a consequence of 
internal population growth, for which reason 
my original discussion was limited to that 
sector (see p. 140, fn. 2). 

Both Ramirez and I have neglected the 
role of juvenile labor. A reference to the 
employment of child labor (made possible 
by “improvements in machinery”) causing 
a “fresh disturbance to the rate of wages” 
implies a supplementary force to those I 
have been elaborating (Capital, I, p. 433; cf. 
pp. 394, 406-07, 472). On the other hand, a 
statement that the requirements of capital 
accumulation entail “larger numbers of 
youthful labourers, a smaller number of 
adults” (p. 641), suggests a possible alterna- 
tive reading of Marx’s declaration regarding 
the inconceivability that the “entire nation 
accomplish its total production in a shorter 
time span” (Capital, III, p. 258; my paper, 
p. 144). For this raises the possibility that the 
adult wage, in Marx’s view, is reduced in 
consequence of an absolute fall in labor de- 
mand, albeit more than compensated for by 
an increase in the demand for juvenile labor. 
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(Women’s labor and displacement by un- 
skilled labor raise further issues.) Yet even 
were this the case, the countervailing poten- 
tial of population control cannot be ne- 
glected; for the increased demand for child 
labor is met by a high birth rate, a reduction 
of which would surely reduce the attractive- 
ness of this source of supply and lessen the 
downward pressure on the adult wage. 

What now of movements into the ad- 
vanced sector by displaced agricultural work- 
ers (for example, Capital, I, p. 708; and 
p. 681n regarding the inflow into mining)? 
While Ramirez does well to raise the ques- 
tion, the secular fall in the real industrial 
wage cannot be explained by sectoral trans- 
fer. 

Consider again Marx’s declaration that “a 
development of productive forces which 
would diminish the absolute number of 
labourers, i.e., enable the entire nation to 
accomplish its total production in a shorter 
time span, would cause a revolution...” 
(Capital, IJI, p. 258). This means that the net 
increase in labor demand in the advanced 
industrial sector exceeds the net decrease in 
agriculture and elsewhere. Under these con- 
ditions even were the entire displaced agri- 
cultural labour force to flow into the modern 
industrial sector, there should be no down- 
ward pressure on the real wage— unless there 
is some further source supplementing net 
labor supply as I have argued there is. 

But there is a further matter. Marx seems 
to reason as if such transfers as occur are 
largely responses to cyclical peaks of in- 
dustrial activity. A flow from agriculture then 
at the most puts a damper on the extent 
industrial wages can rise cyclically. I have 
already shown (p. 147) that the function of 
the Industrial Reserve Army is to provide 
“the possibility of throwing great masses of 
men suddenly on the decisive points without 
injury to the scale of production in other 
spheres” (Capital, I, p. 632). Agricultural 
labor would doubtless provide one source 
(cf. pp. 662-63). Moreover, part of the out- 
flow from agriculture is to nonindustrial 
urban occupations—in which case it would 
have little if any effect on industrial wages. 
These propositions are also supported by the 
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following: 


As soon as capitalist production takes 
possession of agriculture, and in pro- 
portion to the extent to which it does 
so, the demand for an agricultural 
labouring population falls absolutely, 
while the accumulation of capital em- 
ployed in agriculture advances, without 
this repulsion being, as in non-agricul- 
tural industries, compensated by a 
greater attraction. Part of the agricul- 
tural population is therefore constantly 
on the point of passing into an urban 
or manufacturing proletariat, and on 
the look-out for circumstances favourable 
to this transformation. (Manufacture is 
used here in the sense of all non-agri- 
cultural industries.) This source of rela- 
tive surplus-population is thus con- 
stantly flowing. But the constant flow 
towards the towns presupposes in the 
country itself, a constant latent sur- 
plus-population, the extent of which 
becomes evident only when its chan- 
nels of outlet open to exceptional width. 
The agricultural labourer is therefore 
reduced to the minimum of wages, and 
always stands with one foot already in 
the swamp of pauperism: 

[Capital, I, p. 642; emphasis added] 


Marx goes out of his way to emphasize 
the attraction provided by the nonindus- 
trial urban sector, and the likely destiny of 
the agricultural emigrant within the town’s 
“pauper” population. 

The “domestic industry” segment of the 
urban population, for its part, is indeed said 
to provide capital with “an inexhaust- 
ible reservoir of disposable labour-power” 
(p. 643). Yet “its conditions of life sink 
below the average normal level of the work- 
ing-class; this makes it at once the broad 
basis of special branches of capitalist exploi- 
tation. It is characterised by maximum of 
working-time, and minimum of wages” (p. 
643). Again, Marx gives the impression that, 
at most, the advanced industrial sector draws 
upon this sector for its exceptional needs— 
otherwise it is incomprehensible that the wage 
differential should not be eradicated. 

As for secular trends, it is helpful to think 
of the nonindustrial urban sector as im- 
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pinged upon by tendencies in the advanced 
industrial sector (and in agriculture) rather 
than the reverse: “It recruits itself constantly 
from the supernumerary forces of modern 
industry and agriculture, and specially from 
those decaying branches of industry where 
handicraft is yielding to manufacture, man- 
ufacture to machinery. Its extent grows, as 
with the extent and energy of accumulation, 
the creation of a surplus-population ad- 
vances” (Capital, I, p. 643). 

It remains to add that net population 
growth is actually a feature not only of the 
advanced industrial sector but of agriculture, 
too—-over the decade 1851-61 the rural 
growth rate was recorded by the Census as 
6.5 percent, the difference with the 17.3 per- 
cent in the towns ascribed to migration from 
the country (Capital, I, p. 642n). The 
“domestic industry” segment of the urban 
population is also said to be “a self-repro- 
ducing and self-perpetuating element of the 
working-class, taking a proportionally greater 
part in the general increase of that class than 
the other elements” (p. 643). It is in this 
context (though possibly not restricted there- 
to) that we encounter the famous declara- 
tion: 


[N]ot only the number of births and 
deaths, but the absolute size of the 
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families stand in inverse proportion to 
the height of wages, and therefore to 
the amount of means of subsistence of 
which the different categories of lab- 
ourers dispose. This law of capitalistic 
society would sound absurd to savages, 
or even civilised colonists. It calls to 
mind the boundless reproduction of 
animals individually weak and con- 
stantly hunted down. 

[Capital, I, p. 643] 


Thus even were it the case that Marx’s down- 
ward secular trend in the advance industrial 
sector turned on an inflow from other sec- 
tors, it would still be impossible to neglect 
the demographic component of the analysis. 
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Labor Supply and Tax Rates: Comment 


By DaviD M. BETSON AND DAVID GREENBERG* 


In a recent paper in this Review (1983) 
James Gwartney and Richard Stroup (G-S) 
take issue with what they assert is the 
“widespread view” (p. 447) that because 
changes in tax rates have a theoretically in- 
determinate effect on individual labor supply, 
the impact of changing tax rates is also inde- 
terminate at the aggregate level. Gwartney 
and Stroup suggest, for example, that if the 
initial output of public goods is optimal and 
the government cuts taxes and expenditures 
by equal amounts, the forgone public goods 
would be valued as highly as the private 
goods that individuals purchase with their 
increase in disposable income. Hence, ag- 
gregate real income would not rise, but re- 
main at its pre-tax-cut level. Gwartney and 
Stroup state that under these circumstances, 
a tax cut’s impact on aggregate labor supply 
would not be indeterminate, but labor induc- 
ing, because in the aggregate there is no 
income effect, only a positive substitution 
effect. 

Gwartney and Stroup illustrate this point 
by examining the aggregate labor supply 
effects of an increase in transfer payments 
financed by an exactly offsetting increase in 
income taxes. They argue that if the transfer 
payments are income conditioned, this policy 
would decrease net wage rates for transfer 


*University of Notre Dame, Notre Dame, IN 46556, 
and University of Maryland-Baltimore County, Catons- 
ville, MD 21228, respectively. We are indebted to Gary 
Burtless, Robert Moffitt, James Rakowski, Philip 
Robins, and an anonymous referee for helpful and 
valuable comments on earlier drafts of this paper. 

1A virtually identical argument is made by Ronald 
Ehrenberg and Robert Smith (1982, see pp. 151-52). 
One important difficulty with this argument, which we 
do not emphasize in this paper, is that there is no 
particular reason to expect most workers respond simi- 
larly to a dollar change in government expenditures on 
a public good as to a dollar change in personal dispos- 
able income. For example, how many workers would 
increase their labor supply if the government finds itself 
unable to purchase an aircraft carrier because of a tax 
cut? ; 
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recipients, as well as for taxpayers, thereby 
producing work-reducing substitution effects 
for all members of society. On the other 
hand, the aggregate change in disposable in- 
come in the economy would be zero since, by 
design, the expansion in transfers is exactly 
offset by the increase in taxes. They conclude 
that, unless recipients and taxpayers respond 
differently to a given change in disposable 
income, “the income effect of the tax-trans- 
fer program will leave both the aggregate 
supply of labor and ċonsumption of leisure 
unchanged. [But] Of course, the substitution 
effect will still be present. Unambiguously, it 
will induce individuals to work less, although 
how much less is strictly an empirical issue” 
(p. 450). 

In this comment, we demonstrate that the 
G-S tax-transfer illustration and the policy 
implications drawn from it are highly mis- 
leading. We first show that the G-S conclu- 
sions about the relationship between tax rates 
and labor supply are based upon strong as- 
sumptions about the degree of homogeneity 
in the population and that without these 
assumptions, their conclusions are not guar- 
anteed to hold. We then use microsimula- 
tion techniques to challenge the impression 
given by the G-S paper that more redistribu- 
tion must necessarily imply a reduction in 
the labor supply and output of the economy. 


J. Formalization of the G-S 
Tax-Transfer Illustration 


In order to clarify Gwartney and Stroup’s 
argument concerning the tax-transfer illus- 
tration, it is instructive to examine it first 
within a highly simplified context. We thus 
begin with a one-consumer economy within 
which a single consumption good is pro- 
duced under constant returns to scale. As- 
suming the individual has only T hours of 
time available, the production possibility 
frontier between the consumption good and 
leisure is represented by the line TEAB in 
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FIGURE 1 


Figure 1. In the absence of any government, 
the individual is in equilibrium at point A 
and achieves a level of well-being of Up. 

Now consider the implementation of a 
proportional tax on income. If it is assumed 
that the individual ignores what is done with 
the tax revenue, the relevant budget con- 
straint is TC and the individual will work 
more or less than before, depending upon the 
relative size of the income and substitution 
effects resulting from the tax. It is Gwartney 
and Stroup’s contention that the fallacy of 
this analysis is precisely the assumption that 
the individual ignores what is done with the 
tax revenue. A simple way to account for the 
tax revenue is to assume that the government 
returns them to the individual. Hence, if the 
government balances its budget, the econ- 
omy will be in equilibrium where, due to the 
convexity of his preferences, the individual 
works less than he did in the absence of the 
tax and transfer scheme. In Figure 1, this 
new equilibrium is depicted by point E on 
the budget constraint DEF. 

Having constructed this simple example to 
illustrate the G-S argument, we now utilize it 
to highlight some confusing statements in 
their article. First, they state (p. 450) that a 
balanced budget transfer by the government 
will leave the aggregate disposable income 
and the total production of society un- 
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changed. However, as our simple example 
illustrates, if there are reductions in hours of 
work and in earnings, both the economy’s 
output and disposable income must fall, even 
though the government has balanced its 
budget. Aggregate disposable income will re- 
main unchanged only if aggregate gross earn- 
ings in the economy remain unchanged. A 
second and related point of confusion relates 
to what Gwartney and Stroup refer to as a 
substitution effect. Traditionally, substitution 
effects have been defined in terms of the 
effect of changes in the wage rate holding 
either utility or disposable income constant. 
However, as indicated by Figure 1, neither 
are held constant in the G-S tax-transfer 
illustration. The substitution effect that 
Gwartney and Stroup refer to in their article 
is in reality the effect on labor supply of 
changing wage rates while holding the pro- 
duction possibilities of the economy con- 
stant. This aggregate “Friedman” substitu- 
tion effect will be negative as long as the set 
of community indifference curves are convex 
and the production possibility frontier dis- 
plays a positive relationship between aggre- 
gate hours of work and the production of 
consumption goods.” 

In addition to clarifying some confusing 
statements, our simple example also serves to 
highlight three assumptions that are essential 
to the G-S argument, but not made explicit 
in their discussion. The first of these is that 
everyone can adjust their hours in response 
to the implementation of a balanced budget 
transfer program so as to obtain their desired 
level of work. One important, if obvious, 
violation of this assumption occurs when 
some individuals do not work prior to the 
policy change. If the nonworkers have a 
higher probability than do workers of being 
recipients of transfers, the work-inducing in- 
come effects that are engendered by the policy 
for taxpayers will not, as Gwartney and 


2We denote this variety of substitution effect as a 
Friedman substitution effect because to the best of our 
knowledge it was initially introduced in Milton Fried- 
man’s work on the Marshallian demand curve. See his 
1949 article and 1976 study for the use of an identical 
argument that analyzes an excise tax. 


VOL. 76 NO. 3 


Stroup argue, be offset by the work-reducing 
income effects to which transfer recipients 
are subject. To see the importance of this, 
assume hypothetically that there are only 
two types of individuals in the economy: 
those who work and those who cannot work 
due to a disability. Further, assume that the 
government institutes a transfer program for 
the disabled population financed by a tax on 
workers. In this case, the economy will still 
be on its production frontier. However, it is 
impossible to determine a priori whether the 
labor supply among the workers, and hence, 
the economy as a whole, will increase or 
decrease. 

A second essential (but implicit) assump- 
tion to the G-S argument is that the popula- 
tion must be homogeneous with respect to 
their productive capabilities. This assump- 
tion is necessary to guarantee that there ex- 
ists a positive relationship between the pro- 
duction of consumption goods and aggregate 
hours of work. However, given existing dif- 
ferences in relative efficiency of workers in 
our society, it is doubtful that this relation- 
ship actually occurs under all circumstances. 
Consider, for example, an economy with 
workers of differing productive capabilities. 
Assume that a tax-financed transfer program 
has been introduced into this economy and, 
as a consequence, aggregate hours fall. Are 
we to infer that production necessarily also 
falls? Obviously, if each worker reduces their 
work effort, production must fall. However, 
it is possible that relatively high-wage work- 
ers increased their hours of work, although 
by less than the amount that low-wage 
workers decrease their hours. Under these 
circumstances, it is possible for aggregate 
production (gross earnings) to rise. Because 
earnings better reflect the value of output 


than do hours of work, we feel that earnings . 


are a more natural and policy relevant mea- 
sure of work effort. Moreover, earnings pro- 
vide a superior indicator of the effects of 
labor supply on tax revenues and transfer 
outlays. 

A third essential assumption is that a set 
of convex community indifference curves ex- 
ists. This assumption is needed to assure that 
when the economy moves along the produc- 
tion possibility frontier, the Friedman sub- 
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stitution effect will be negative at the ag- 
gregate level. The existence of community 
indifference curves is dependent upon 
whether or not the individual preferences in 
society can be aggregated up to a representa- 
tive consumer. For an exact linear aggrega- 
tion to be feasible when individual prefer- 
ences are specified in terms of consumption 
of goods and leisure, three conditions must 
be met. First, all consumers must face the 
same prices for consumption goods and 
leisure (wage rates). Second, individual 
preferences do not have to be entirely homo- 
geneous, but they must all be quasi homo- 
thetic; that is, all individual demand func- 
tions must be linear with respect to income. 
Third, when prices are held constant, all 
individual preferences must display equal 
and constant marginal utilities of income.’ 

While all three of these conditions are 
fairly restrictive, the first restriction is obvi- 
ously violated in the U.S. economy because 
of differences in wage rates. However, as 
suggested above, aggregate earnings are a 
more natural and policy relevant measure of 
work effort than hours of work, since such a 
measure is proportional to labor supply mea- 
sured in efficiency units. Exact linear aggre- 
gation over consumption goods and earnings 
is feasible, even when differences in wage 
rates exist, if individual preferences are of 
the form of the Linear Expenditure System.* 
Hence, in order to guarantee that commun- 
ity indifference curves will exist, Gwartney 
and Stroup must rely upon fairly restrictive 
assumptions about individual preferences, 
assumptions that are unlikely to be met in 
the economy. 

The purpose of this section was to outline 
the conditions and assumptions under which 
the G-S conclusions concerning their tax- 
transfer illustration are valid. In summary, 
these conditions require a fairly homoge- 
neous population with respect to preferences 


3See Angus Deaton and John Muellbauer (1980, 
pp. 149-53) for an extended discussion of the condi- 
tions required for an exact linear aggregation of individ- 
ual preferences to be feasible. 

4See Deaton and Muellbauer (pp. 159-60) for a 
discussion of exact linear aggregation of individual pref- 
erences with endogenous labor supply. 
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and productive capabilities. It is our opinion 
that these conditions are so restrictive and 
unrealistic that at best the G-S conclusions 
are merely of theoretical interest. Stated 
slightly differently, once heterogeneity in the 
population is allowed to enter the analysis, 
the direction, as well as the magnitude, of 
the labor supply effects of balanced budget 
changes in government policies must be 
viewed as an empirical question." 


TI. An Illustrative Simulation 


In this section, we present an illustrative 
microsimulation of a hypothetical redistribu- 
tion program that is fully financed through 
taxes. As will be seen, results from this simu- 
lation suggest that under certain plausible 
circumstances, schemes that redistribute in- 
come to the low-income population can pro- 
duce increases in aggregate labor supply. We 
feel this result; although tentative, is im- 
portant because Gwartney and Stroup, as 
well as others (see Edgar Browning and Wil- 
liam Johnson, 1984, for example), have 
tended to leave the impression that such 
schemes must inevitably reduce aggregate 
hours of work. Our simulation results are 
intended as a counterexample to this view. 

In conducting the simulation, we have tried 
to be as realistic as feasible. For example, the 
simulation does not allow individuals to re- 
duce their hours of work to less than zero, 
even though they may “desire” negative hours 
of work. The simulation also permits male 
and female labor supply functions to differ. 
For purposes of consistency with the G-S 
analysis, however, the simulation is based 
upon the assumption that both male and 


5The conditions we have listed above should be 
viewed as sufficient for the G-S conclusion to hold. 
They do not represent necessary conditions. For exam- 
ple, a class of preferences that cannot be aggregated up 
to a representative household, yet can still be shown to 
yield the G-S conclusions when wage rates vary across 
households, is the parallel utility functions (see Jonathan 
Dickenson, 1979, or William Gorman, 1961). This class 
of preferences possesses parallel income consumption 
curves. 
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female labor supply functions are linear with 
respect to income.® 

The hypothetical income redistribution 
scheme we simulated would replace both the 
federal income tax and most existing federal 
welfare programs (including Aid to Families 
with Dependent Children, Supplemental 
Security Income, and Food Stamps) with an 
integrated and simplified tax-transfer system. 
This plan would guarantee a minimum in- 
come of $2,550 per adult and $1,275 per 
child (in 1984 dollars), an amount that would 
provide a family of four an income guarantee 
equal to 75 percent of the poverty line.” The 
transfer payments would be income condi- 
tioned, reducing the payment by 50 cents for 
every dollar of income the household re- 
ceives from other sources. As a consequence, 
marginal tax rates faced by most, but not by 
all, of those who receive transfers under this 
plan would increase. 

Since total transfer payments under this 
plan would be larger than those currently 
made, the tax system would have to collect 
additional revenues. The implemented plan 
would do this in four ways. First, unlike the 
current tax system, all Unemployment Com- 
pensation and Social Security payments 
would be included in the definition of gross 
income. Second, all deductions from ad- 
justed gross income would be eliminated. 
Third, personal exemptions would be raised 
to $5,100 per adult and $2,550 per child. 
Finally, taxable income would be taxed at a 
flat 23 percent rate, a rate just sufficient to 
raise enough revenues to leave the govern- 
ment’s budget unchanged when compared to 
prior to the reform. This tax rate represents 


©The labor supply functions utilized in the simula- 
tion were estimated from data collected in the Seattle- 
Denver Income Maintenance Experiments. These 
parameter estimates have previously been used to con- 
duct several transfer program simulations reported in 
this Review (see Michael Keeley et al., 1978, and Gary 
Burtless and Greenberg, 1982). For a more detailed 
description of the simulation model and procedures, see 
our paper with Richard Kasten (1980). 

7Aged, blind, and disabled adults are eligible for 
$3,315 in terms of income guarantee and are given a 
personal exemption of $6,630 in the tax system. 
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an increase in the marginal tax rate faced by 
most, but not all, nontransfer recipients un- 
der the plan. 

The simulation of this hypothetical tax- 
transfer system suggests that its adoption 
would result in considerable redistribution 
of income. For example, prior to any labor 
supply response, the Gini coefficient would 
fall by over 10 percent (from .456 to .406) 
and the number of persons in poverty would 
fall by over 25 percent. But the simulation 
also predicts that this redistribution would 
engender an increase in labor supply, with 
total hours in the nation rising by 1.1 per- 
cent and total earnings by 3.5 percent. These 
findings, which are generally supported by 
additional simulations we have conducted, 
strongly suggest that tax-financed transfer 
programs will not necessarily decrease ag- 
gregate labor supply.® 


HI. Conclusions 


The purpose of this note has been twofold. 
First, we wished to demonstrate that Gwart- 
ney and Stroup’s conclusion that aggregate 
labor supply must fall if increased transfer 
payments are financed through increased 
taxes is based upon fairly strong assump- 
tions about the homogeneity of preferences 
and productive capabilities in the economy. 
It is our opinion that if realistic assumptions 
about heterogeneity in the population are 


® The results presented in the text are from only one 
set of labor supply parameter estimates and one tax- 
transfer scheme. To examine the robustness of these 
findings, we conducted a number of additional simula- 
tions based on different labor supply parameters and 
alternative tax-transfer schemes. Several of these ad- 
ditional simulations are reported in our paper with 
Kasten (1982), and others are available from us upon 
request. In general, these simulations indicate that in- 
come redistribution would be associated with higher 
aggregate hours and earnings, although the predicted 
magnitudes vary considerably. And in those relatively 
rare instances when hours or earnings were predicted to 
decline, the estimated reductions were quite small—al- 
ways under 1 percent. A very conservative conclusion 
from these simulations is that reductions in labor supply 
need not be a major obstacle to substantial redistribu- 
tions of income. 
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made, predictions about the direction of the 


aggregate labor supply effects of such poli- 
cies cannot reliably be made solely upon the 
basis of economic theory, as G-S suggest; 
but must be resolved empirically. A second 
and related objective of the comment was to 
utilize microsimulation techniques to il- 
lustrate the possibility of a counterexample 
to the implication in the G-S article that 
increased transfers will lead to reductions in 
aggregate labor supply. Although findings 
from these simulations should be considered 
tentative—indeed, the general equilibrium 
effects of income redistribution policy is a 
potentially fruitful area for future research 
—they are quite suggestive. They imply that 
tax-financed increases in transfer payments 
are unlikely to have a strong adverse effects 
on hours worked and earnings in the econ- 
omy; indeed, positive effects appear feasible. 
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Labor Supply and Tax Rates: Reply 


By JAMES D. GWARTNEY AND RICHARD L. STROUP* 


David Betson and David Greenberg (B-G) 
add some interesting refinements to what we 
have said in our 1983 paper. In doing so, 
they incorporate in their analysis our major 
point: it is inappropriate to apply the income 
effect of the traditional analysis, as several 
prominent economists whom we quoted did, 
without also considering the income effect of 
offsetting changes in government expendi- 
tures. Our earlier analysis assumed that equal 
and opposite changes in income for taxpayers 
and recipients will exert equal and opposite 
effects on aggregate earnings. Betson and 
Greenberg correctly introduce the offsetting 
income changes from increased tax transfers. 
Then, in contrast to us, they argue that the 
positive earnings effects of the taxpayers’ 
reductions in income exceed the negative 
labor supply effects of the recipients’ in- 
crease in income. Their simulation results 
also suggest that with substitution effects re- 
duced by a flat tax rate of 23 percent and a 
much lower implicit tax rate on transfer re- 
cipients than typically exists now for those 
receiving large transfers, increased transfers 
might actually expand aggregate earnings. 

Specifically, Betson and Greenberg assume 
that recipients of enlarged transfer programs 
respond to their income increases by reduc- 
ing earnings by less than taxpayers increase 
theirs in response to the corresponding in- 
come reductions. These responses are plausi- 
ble, especially within their simulated world 
of a low, flat tax rate and a negative income 
tax program. Their program works to mini- 
mize the large substitution effect caused by 
high tax rates and high implicit tax rates on 
the poor that now characterize the real policy 
world. So when they also specify a -strong 
income effect for taxpayers, and a weak in- 
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come effect for transfer recipients, the total 
result is unsurprising. While their theoretical 
point is correct, its policy relevance is another 
question. 

The B-G special case of transfers only to 
disabled individuals, whose production is 
zero, also has limited relevance. First, at least 
four of every five federal transfer dollars are 
in programs not even means tested, much 
less disability tested. Second, to the vast 
majority of voters who must approve them, 
transfers to the disabled seem logically to be 
in themselves a good. So an increase in them 
at the margin may politically indicate that 
voters (most of whom are taxpayers) are not 
made worse off by the larger program. Once 
again, there need not be any income effect at 
all, even for taxpayers per se. Third, the 
taxpayer who does not want more of his 
dollars going from the government to the 
poor may well have another option: reducing 
his private donations to the same cause. 
Russell Roberts (1984) presents evidence in- 
dicating that historically, when transfer pro- 
grams for the poor have expanded, private 
charity given to the poor has contracted. 
Tax-transfer programs are a substitute for 
private charity, and may crowd out that 
charity. Again, if taxpayers do not feel 
poorer, there may be no income effect from 
taxes to provide aid to the nonproductive. 
But the substitution effect remains, and is 
unambiguous in its direction. Fourth, even 
transfers to the disabled go to households 
which may have productive members, so that 
an offsetting income effect is possible. 

Still, Betson and Greenberg are correct to 
say that their changes in our assumptions do 
cause the net effect on total output of greater 
tax-transfer programs to become an em- 
pirical question. However their amendment 
of our analysis does not negate our major 
point—that the income effect from gov- 
ernment expenditures tend to offset the in- 
come effect from taxes to finance those 
expenditures. 
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The Disinterest in Deregulation: Comment 


By MARTIN CHERKES, JOSEPH FRIEDMAN, AND AVIA SPIVAK* 


. In a recent article in this Review, Robert 
McCormick, William Shughart, and Robert 
Tollison (1984), following the seminal contri- 
butions of Arnold Harberger (1954) and 
Gordon Tullock (1967), addressed the issue 
of monopoly deregulation. The authors put 
forward the provocative idea that “because 
under most conditions Tullock costs cannot 
be recouped, the returns to deregulation are 
lower than previously thought” (p. 1075). In 
particular, they claim that because most 
rent-seeking expenditures are made before 
monopolies are established and are largely 
sunk costs, little is gained from dismantling 
monopolies. 

In this comment we challenge both as- 
sumptions. We point out that McCormick 
et al. have not actually shown, as they claim, 
that “such a deregulating program can easily 
impose more costs than it is worth” (p. 1075). 

Section I examines the nature of Tullock 
costs and their distribution throughout the 
life of a monopoly. We conclude that only a 
portion of these costs may be considered 
sunk. Section II provides a short case study 
of the American Medical Association’s 
(AMA) ascent into monopolistic power. 
While obtaining the monopoly did not re- 
quire substantial resources, we show that the 
ongoing maintenance of the monopoly in- 
volves large rent-seeking costs. In Section III 
we correct an error in McCormick et al.’s 
diagrammatic exposition and surmise that 
even if all Tullock costs are sunk, deregu- 
lation may be still desirable because it redis- 
tributes income from monopolies to con- 
sumers. 
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J. Are Most of the Tullock Costs Sunk? 


According to Tullock, monopolists spend 
resources to create and maintain their mo- 
nopoly power. Richard Posner (1975) added 
structure to Tullock’s idea by assuming that 
obtaining the monopoly is a competitive ac- 
tivity, with constant unit cost and no socially 
valuable by-products. Thus, an amount equal 
to the discounted value of the monopoly rent 
will be spent on obtaining and maintaining 
the monopoly privilege. Posner named this 
cost “Tullock cost,” T. Together with the 
familiar Harberger triangle of the loss of 
consumer’s surplus, H, the total cost of mo- 
nopoly is 7+ H. 

Tullock did not address the allocation of 
the Tullock cost over time, but McCormick 
et al. assume that most of the cost is incurred 
while the monopoly is formed and that cur- 
rent, maintenance, cost is negligible. 

The allocation of costs over time deserves 
more attention than McCormick et al. or 
Posner gave it. We will show why a substan- 
tial fraction of the Tullock cost is incurred 
after the monopoly is established. We dis- 
tinguish between two groups of individuals 
who spend resources to get access to the 
monopoly privilege. The first group is the 
monopoly “founders.” Founders spend re- 
sources to create the monopoly and later 
contribute to its maintenance. The second 
group are late “joiners” to the monopoly. 
Both founders and joiners allocate resources 
for rent seeking. Resources are allocated as 
any other resource intended to increase profit 
(for example, advertising), That is, in decid- 
ing how much resources to allocate for rent 
seeking, a representative founder considers 
the potential benefits and costs. Benefits are 
the increase in the present expected dis- 
counted value of profit and arise by limiting 
the industry’s output below the level that a 
competitive industry would produce. In 
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calculating potential profits, founders antic- 
ipate the eventual appearance of joiners. This 
possibility is reflected in the benefit function 
of founders. When an industry faces down- 
ward-sloping demand for its product, both 
average and marginal benefit functions are 
downward sloping. Additionally, the area 
under the marginal benefit function equals 
the above-normal profits that will arise from 
rent seeking. The level of rent-seeking activ- 
ity is determined by the intersection of the 
marginal benefit and marginal cost func- 
tions. The area between the two curves rep- 
resents the founders’ surplus. The surplus is 
necessarily positive (otherwise the founders 
would not have created the monopoly) and 
can be reclaimed by consumers if the mo- 
nopoly is dismantled. 

The surplus exists because of information 
asymmetry. In the short run, insiders or cur- 
rent practitioners enjoy economic and legal 
advantages. During the organizational pe- 
riod, outsiders are not fully aware of the 
emerging monopoly, and even if they are, 
they cannot join the industry with short 
notice. However, once the monopoly has 
been established, everybody is well informed 
and no one enjoys an advantage. Competi- 
tion for the surplus will eliminate any prof- 
its. This is the case Posner discussed, in 
which all the profits of the monopoly turn 
into rent-seeking costs. We suggest that only 
the expenses incurred by founders should be 
considered a sunk cost, while the joiners’ 
expenses should be considered an ongoing 

- cost that may be recovered by deregulation. 

Our conclusion is strengthened by consid- 
ering the ways many monopolies are formed. 
A notable example is OPEC which was 
formed in 1960 with limited goals and little 
set-up costs. It became a price-setting cartel 
only in 1973, exploiting the geopolitical de- 
velopments in the Middle East. Other exam- 
ples are the drug industry, where regulation 
was imposed against the industry’s opposi- 
tion and the regulation of civil aviation in 
the early 1930’s which was initiated to en- 
sure “proper” airmail distribution and air- 
transport service.! 


'See Henry Kissinger (1982) and Albert Danielsen 
(1982) on the history of OPEC, Tullock (1975) on the 
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At its inception, the supply of the 
commodity sold by the monopoly is difficult 
to reduce, hence monopoly profits are low. It 
is only later that the supply is reduced and 
above-normal profits materialize. This pat- 
tern exists because supply is often reduced 
by limiting entrance in face of growing de- 
mand. In other cases, the move to limit 
quantities may come years after the formal 
organizational framework was established. In 
fact, governments sometimes create organi- 
zations or regulate industries for their own 
interests without any lobbying from the in- 
dustry. Eventually, output is limited and 
profits soar. 

To summarize the discussion: monopolies 
incur significant current rent-seeking costs, 
often larger than the set-up sunk costs. 
Moreover, for the founders the cost of the 
rent-seeking activity is smaller than the ex- 
pected profit, because entry is not free. Fi- 
nally, all the rent-seeking activity of those 
who try to join the monopoly is not included 
in the founders’ sunk cost. The cost of rent- 
seeking activity is equal to the joiners’ profit 
because entry to the activity is free. 


II. The Licensing of Physicians 


According to Paul Starr, the AMA, which 
was founded in 1846, had very little impact 
during the first half century of existence, had 
scant resources, and failed in its effort of 
voluntary reform of medical schools: “The 
irregular physicians accused it of attempting 
to monopolize medical practice...the irregu- 
lar thrived” (1982, p. 91). Licensing of physi- 
cians was restored only in the 1870’s and 
1880's.” 

Licensing was part of a general licensing 
movement that included plumbers, bar- 
bers, horseshoers, etc., and did not arise 
from the political power of physicians (Starr, 
pp. 102--03).? Initially, licensing did not limit 
the supply of practitioners, because under 
the statutes anyone who practiced medicine 





drug industry, and Richard Caves (1962) on the airline 
industry. 

See George Stigler (1971) for details. 

Earlier attempts during the 1830’s and 1840’s by 
physicians to require licenses were unsuccessful (Starr, 
p- 62). ; 
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at the time was qualified. In fact, the in- 
creased demand for medical degrees created 
a supply of new medical colleges. 

The account of the development of licens- 
ing indicates a pattern which is different 
from the one suggested by McCormick et al. 
The profession did not unite and did not 
spend significant resources to obtain the 
licensing privilege. The privilege fell in their 
laps when the time was ripe with only negli- 
gible sunk costs. The ascent of the medical 
profession came later, due to major scientific 
developments in the late nineteenth century 
(vaccination, sterilization, etc.). The medical 
profession underwent a period of self- 
organization contemporaneously with other 
movements, such as labor. Medical schools 
were reformed as part and parcel of the 
reforms of universities starting in 1870; more 
stringent standards were applied to medical 
degrees only after the Flexner report of 1906 
(Starr, pp. 112-30). The monopoly was 
established only after the supply of physi- 
cians fell behind population growth (Starr, 
pp. 126-27). This new monopoly power was 
reflected in the rapid increase in the physi- 
cian’s income in the early twentieth century 
(Starr, pp. 142-43).4 

When the activities which gave rise to the 
physicians’ monopoly are examined, political 
lobbying does not appear high on the list. 
What we see is a profession reorganizing its 
schools and its association, activity which 
contained substantial side benefits. The rent- 
seeking costs are not in lobbying because the 
medical profession has established itself as 
an indisputable authority on health care. 
Rent-seeking costs associated with the medi- 
cal monopoly are of two kinds: the first are 
the resources wasted on competition to join 
the medical profession. The resources in- 
clude the efforts of those who attempt to be 
admitted to medical schools and fail, in ex- 
cess of the level that would prevail in compe- 
tition, and the excessive time and effort in 
medical schools, residencies, etc. If potential 
physicians have excessive discounted ex- 
pected return on their investment, the mar- 
ginal candidate to medical school should 


4See also Milton Friedman and Simon Kuznets (1945, 
p. 464). 


CHERKES ET AL.: DISINTEREST IN DEREGULATION 561 


spend resources whose expected cost is equal 
to the expected return. The second kind of 
rent-seeking cost is related to the organiza- 
tion of medical care and to the fact that it 
may be responsible for the high cost of care, 
to the insufficient number of doctors in rural 
areas, to the way the medical insurance is 
structured, etc. These two types of costs are 
not sunk costs. They are current costs that 
may be recouped if the profession was dereg- 
ulated. Thus, the concept of sunk costs fails 
to explain the unchallenged privileged status 
of physicians. 

There is an scoupmnicrlegil rationale for 
the pattern of regulated monopolies dis- 
cussed in Section I, exemplified by the medi- 
cal profession. A regulated monopoly is a 
group of economic agents in an industry that 
can limit entrance. In a democratic society, 
the number of agents who are already in 
such industry cannot be reduced legally by 
passing a law. Those who already practice a 
trade have certain legal rights which often 
ensure their staying in business. From the 
legal viewpoint it is much easier (and hence 
more economical) to limit entrance of new 
agents. It follows that because the immediate 
gains of forming a monopoly are small and 
because the future gains are discounted and 
uncertain, founders should be willing to 
spend little on establishing the monopoly. 
Later on, when the limitations on entry bear 
monopoly profit, the founders and prospec- 
tive entrants should be willing to spend the 
rent-seeking costs. 


HI. Even if the Tullock Costs are Sunk, 
Deregulation is Still Desirable 


We have shown that for the physicians’ 
licensing example mentioned by McCormick 
et al., most rent-seeking costs are not sunk. 
Since we explained the economic rationale 
for this pattern in Section I, other examples 
may show the same temporal structure if 
analyzed carefully. In this section we argue 
that even for industries where the premise of 
sunk cost is acceptable, McCormick et al. 
have failed to prove their point. Their analy- 


5 This assumes risk neutrality. A risk-adverse individ- 
ual will spend less. 
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sis contains errors which led them to state 
that a deregulation program can easily im- 
pose more costs than it is worth. They have 
also completely ignored the issue of income 
redistribution. 


A. Correcting McCormick et als 
Diagrammatic Exposition. 


McCormick et al. assert that the rent-seek- 
ing activity of the regulated industry perma- 
nently raised the long-run marginal cost 
schedule from LRMC to LRMC’, because 
the rent-seeking activity uses the best re- 
sources of the industry (see our Figure 1). 
Thus, society’s gains from deregulation 
would not be the Harberger. triangle ABC, 
but only the triangle A’B’C. The trapezoid 
ABB’A’ is a sunk cost, lost forever to the 
economy. In this spirit, if LRMC goes above 
point C, the Harberger triangle will disap- 
pear. McCormick et al. fail to note that as 
the LRMC curve moves up, the monopoly is 
adjusting price and quantity and the Har- 
berger triangle moves up as well. The 
deadweight loss to be regained is FB’C’ 
which contains the area A’B’C. While the 
new Harberger triangle FB’C’ is smaller than 
ABC, it does still exist. The assumption that 
LRMC increases because of sunk cost is 
rather arbitrary. In many cases, regulation 


results in excess capacity which lowers the 


LRMC. If this is the case, the Harberger 
triangle, in fact, will increase in area. 


B. Redistribution of Income 


Deregulation of a monopoly redistributes 
income from the monopoly owners to con- 
sumers. The order of magnitudes involved is 
rather significant. Posner estimated that mo- 
nopoly profits are about 3.3 percent of GNP. 
In comparison, the federal government, using 
the Social Security program, redistributes 4.7 
percent of the GNP.’ Reducing physicians’ 
income through deregulation would certainly 


®Harvey Averch and Leland Johnson (1962) is the 
locus classicus. 

7See Michael Boskin, Marcy Averin, and Kenneth 
Cone (1983). 
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FIGURE 1 


redistribute income in the right direction. 
From the view of positive economics, there 
is thus an incentive to consumers to act 
politically to dismantle a monopoly, even if 
rent-seeking costs were sunk. Consumers who 
are furious with their medical bills, or em- 
ployers who bear large medical insurance 
costs, have a good incentive to organize 
politically against the monopoly, irregardless 
of whether the social costs are sunk. This 
positive argument is not mitigated by the 
possibility that doctors have spent excessive 
resources to obtain their licenses, as pointed 
out by Tullock (1975). 
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The Disinterest in Deregulation: Reply 


By ROBERT E. MCCORMICK, WILLIAM F. SHUGHART II, 
AND ROBERT D. TOLLISON* 


In our 1984 article, we combined the tradi- 
tional notion of the welfare cost of mo- 
nopoly (Arnold Harberger, 1954) with the 
possibility of an associated rent-seeking cost 
(Gordon Tullock, 1967) to make a simple 
point: To the extent that monopoly returns 
are dissipated by expenditures to obtain a 
monopoly right, the costs of regulation are 
sunk, and cannot be recouped ex post 
through deregulation. On the other hand, 
any ongoing expenditures necessary to main- 
tain or to defend a monopoly, the existence 
of which signify that the full rent-seeking 
costs have not been completely borne, are 
potentially recoverable. Our analysis sug- 
gested that the gains from deregulation may 
be smaller than typically perceived, and that 
the returns to preventing monopoly in the 
first place are relatively large. In effect, we 
offered an alternative explanation for con- 
sumer/voter apathy toward economic regu- 
lation. 

In their comment, Martin Cherkes, Joseph 
Friedman, and Avia Spivak (1986), argue 
that we have failed to prove our point. In so 
doing, they raise a minor issue that we freely 
admit. Our diagramatic exposition (Figure 3) 
ignored the output and price adjustments 
along the monopolist’s marginal revenue 
schedule. But, this is a trifle. Our point that 
the new Harberger triangle is smaller after 
regulation still goes through. 

More importantly, Cherkes et al. use a 
series of ad hoc examples, including the 
licensing of physicians and the OPEC cartel, 
to suggest that in the early stages of regu- 
lation those lobbying for a monopoly right 
(the “founders’”) discount its value heavily 
because of low initial profits, uncertainty 
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about the future, and the realization that 
new members will eventually have to be ad- 
mitted to the industry (the “joiners”). These 
examples, which are by no means definitive 
histories of these interest groups, are just an 
illustration of one implication of our analy- 
sis. As we said earlier, if a large portion of 
the costs of regulation are ongoing, there is 
more to be gained from deregulation than 
any standard analysis in the literature pre- 
dicts and vice versa. The reader should not 
be confused; this is one of our basic points, 
not theirs. | 

Cherkes et al. assert, however, that even if 
all rent-seeking costs are sunk, deregulation 
is still desirable because it transfers income 
to consumers. There are two cases to con- 
sider. First, suppose that the discounted value 
of the monopoly has been capitalized by, for 
example, its transfer from founders to joiners, 
who subsequently earn a normal rate of re- 
turn. In this case, a deregulatory program 
that redistributes income to consumers must 
do so by confiscating a portion of the joiners’ 
wealth. Although society would on net gain 
the value of the adjusted Harberger triangle 
from such a deregulation, the overall welfare 
implications are far from clear. The redistri- 
bution at stake here is not a redistribution 
from the original monopolist to consumers; 
it is from the “little old ladies” who bought 
stock in the cartel after it was formed to 
consumers in the mass. Second, if capitaliza- 
tion has not taken place, the gains from 
deregulation amount to the value of the ad- 
justed Harberger triangle plus that portion of 
the rectangle of monopoly profits not yet 
dissipated by rent-seeking activities. In short, 
it is always true that the private benefits to 
consumers from deregulation can exceed their 
private costs, but this has really nothing to 
do with the main point of our analysis. Also, 
Cherkes et al. seem confused about oppor- 
tunity cost here. If, as they argue, consumers 
“furious with their medical bills...” are 
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politically potent enough to lobby success- 
fully for a rent redistribution in their favor, 
why are they not politically powerful enough 
when they face a weaker opponent, a com- 
petitive medical mdustry? Such considera- 
tions illustrate—as we emphasized—that the 
returns to preventing regulation in the first 
place are relatively large. 

In sum, nothing in the comment by 
Cherkes et al. moves us to alter our original 
analysis. The distinction between the costs of 
monopoly and the costs of monopolization is 
now well established in the literature, and 
the positive theme of our paper provides an 
alternative explanation for the apparent lack 
of interest in deregulation. If, as Cherkes et 
al. would have it, there is much to be gained 
from reducing the amount of the monopoly 
in the world, why are there so few empirical 
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examples of deregulation in comparison with 
the long and quiet history of regulation? 
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Internal Migration and Urban Employment: Comment 


By MICHAEL P. TODARO* 


The recent paper by William Cole and 
Richard Sanders (1985) on migration and 
. urban employment in developing countries 
‘is seriously flawed. by a number of statisti- 
cal and conceptual inaccuracies, extreme 
and arbitrary assumptions and, ad hoc, un- 
substantiated policy conclusions. Since the 
article is largely devoted to a critique and 
proposed modification of: my migration 
model (1969), a comment and response seems 
appropriate. . 

The authors begin by asserting that “this 
paper...presents data amassed from a wide 
range of countries to highlight a crucial 
shortcoming of that [Todaro] model” (p. 481, 
emphasis added). Such a statement normally 
leads one to expect lengthy statistical tables, 
copious literature references, and diverse 
empirical studies as part of that “amassed” 
data. Instead, what we get are a few sporadic 
references to outdated, secondary Mexican 
Statistics, no statistical tables, no summary 
of empirical research (in fact, on p. 494, 
Cole-Sanders, in their only reference to em- 
pirical tests of the Todaro model, find that 
“the model has been found consistent with 
the data”), and no data on internal migra- 
tion and urban employment from any of the 
143 nations of the Third World. Cole and 
Sanders then claim that they will also show 
that “far from being general in nature, the 
Todaro approach is limited to explaining the 
movement of persons possessed of sufficient 
human capital to qualify them for modern 
sector employment” (p. 481). They achieve 
this demonstration by the arbitrary nature of 
the way they define the urban modern (U-M) 
and urban subsistence (U-S) sectors, effec- 
tively excluding by definition anyone without 
“human capital” from the U-M sector even 
though they may earn U-M wages. While a 
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number of well-known modifications of the 
original Todaro and Harris-Todaro models 
have been published over the past sixteen 
years—including outstanding theoretical pa- 
pers by Gary Fields (1975), Joseph Stig- 
litz (1974; 1976), Jagdish Bhagwati and 
T. N. Srinivasan (1974), W. Max Corden and 
Ronald Findlay (1975), George Johnson 
(1971), Peter Neary (1981), M. Ali Khan 
(1980), Thomas McCool (1982), among 
many— it is difficult to recognize the theoret- 
ical significance of the Cole-Sanders paper 
(there being no attempt at empirical or 
methodological contribution). In fact their 
idea of segmenting the urban informal (U-S) 
from the formal (U-M) sector and dis- 
tinguishing between workers with and with- 
out human capital has been successfully and 
more convincingly dealt with algebraically in 
the literature as far back as the 1975 Fields 
paper (for which no reference is even given 
in the Cole-Sanders paper), as well as indi- 
rectly in papers by Richard Sabot (1975; 
1977), W. F. Steel and Y. Takagi (1976), 
Dipak Mazumdar (1976a,b), myself (1972, 
1976), and others. However, in contrast to 
Cole-Sanders, previous authors recognized 
the interdependence of the locational choice 
of urban migrants, that is, some go directly 
to the modern sector, others get jobs in the 
informal sector while engaging in modern 
sector job search, while still others come to 
the city hoping for modern sector jobs but 
remain permanently in the unorganized in- 
formal sector. The Cole-Sanders’ theory re- 
quires them to create an artificial separation 
in which some migrants go only to the U-M 
sector, while others go only to and never 
leave the U-S sector. 

Finally, the authors claim to “develop a 
model that serves as a useful complement to 
that of Todaro” (p. 481). It turns out that 
there really is no new “model” to speak of in 
the sense of an original set of internally 
consistent and realistic equations yielding 
unique algebraic solutions that shed new light 
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on an otherwise contentious economic prob- 
lem. There is only a series of numbered 
relationships based on extremely restrictive 
assumptions like perfectly elastic U-S labor 
supplies, perfectly inelastic R-S labor sup- 
plies, no U-S or R-S savings, fixed agricul- 
tural prices, instantaneous employment of 


all U-S migrants, and an equilibrium condi- 


tion that goes to great lengths to make the 
obvious point that in a competitive world 
with free factor mobility and full employ- 
ment, wages will be equalized between U-S 
and R-S! 

J will deal first with the authors’ criticism 
of my model and then discuss their proposed 
modifications, Cole and Sanders’ basic criti- 
cism of my model seems to be that it yields 
implausible time horizons for eventual 
equality in expected urban modern sector 
and average rural incomes, thus vitiating its 
usefulness in explaining why a potential 
migrant with little education decides to take 
his chances in the urban modern labor 
market. They attempt to demonstrate this by 
means of Tables 1 and 2 in which they 
engage in a numerical exercise, using what 
they claim to be “plausible” but hypotheti- 
cal values for some of the key parameters of 
my basic model: Aside from the fact that the 
original model was not designed to provide a 
literal prediction of the number of years 
needed to bring about equality in expected 
_ incomes (a number of earlier commentators 
dealt with that issue), but rather to demon- 
strate how in the absence of wage flexibility 
the urban unemployment rate would ulti- 
mately act as the equilibrating factor in regu- 
lating migration and to show why rapid 
migration continues in the face of high and 
rising urban unemployment, the model’s pre- 
dictive accuracy is not as poor, even in its 
literal numerical interpretation, as Cole and 
Sanders make out in Table 2. The fact is that 
they have greatly exaggerated the results in 
Table 2 by using an incorrect statistic for the 
urban modern-rural subsistence income dif- 
ferential, and by failing to use a discount 
rate that is the appropriate one for typical 
LDC urban migrants. Even using the figures 
for w in the .12 to .18 range of Table 2, if 
Cole and Sanders had researched the actual 
magnitude of the urban-rural income gap, 
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they would have discovered that the gap is 
not 2-to-1 as they assume in the table but 
more like 4 or 5-to-1. For example, Michael 
Lipton (1977, p. 435-37) has shown that in 
40 out of 44 LDCs in Africa and Asia, the 
ratio of urban to rural average incomes is 
greater than 2.7, and that in 36 out of 63 
LDCs (more than half) throughout the world, 
the ratio was above 4-to-1. Moreover, if only 
urban modern sector incomes were com- 
pared to average rural incomes, the disparity 
would be even greater. In fact, Cole and 
Sanders themselves inadvertently reveal their 
presumption of the large and widening 
urban-rural income gap without incorporat- 
ing it into their numerical exercise when in 
Table 3 they characterize average income in 
the urban modern sector to be “high and 
growing” while that of the rural subsistence 
sector is “low and stagnant.” Also, rather 
than using a discount rate of 5, 10, or 15 
percent as in Table 2, the authors should 
have realized that in LDCs, the effective 
discount rate is closer to zero and real inter- 
est rates are in many cases negative due to 
rapid inflation and administered nominal 
rates. The net effect of either of these two 
changes (but especially the large and grow- 
ing wage gap) along with the fact that the 
real size of the urban surplus labor pool is of 
the order of .20 to .30 in most LDCs means 
that, contrary to the Cole-Sanders’ assertion 
of 50 or more year time horizons, a more 
realistic calculation would yield at worst time 
horizons of two to six years. While these 
figures better fit the actual work experiences 
of most unskilled urban migrants who even- 
tually find modern sector jobs as revealed by 
numerous migrant surveys, I repeat that I 
never claimed that as simple and aggregative 
a model as mine should provide a precise 
numerical prediction of either equilibrium 
expected income time profiles or equilibrium 
unemployment /underemployment rates (my 
1976 book, p. 38). The Cole-Sanders numeri- 
cal exercise is thus highly contrived and 
artificial. 

Let me turn now to Cole-Sanders’ own 
framework as presented in Sections IV 
through VI. They begin by asserting that 
rural-urban migration is a “dual phenome- 
non” with educated migrants bound for the 
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modern sector (Cole-Sanders never say kow 
much education) and uneducated ones aspir- 
ing only to urban subsistence sector jobs. Is 
this supposed to be a statement of fact or an 
assumption? If it is a statement of fact, where 
is the evidence from the scores of empirical 
migration studies carried out over the past 
fifteen years to support this assertion? None 
is given. My reading of that literature indi- 
cates that while some migrants come with no 
aspirations beyond the subsistence sector, 
most hope to someday get a high paying 
modern sector job (see Fields, 1986). So the 
dual migration phenomenon is in fact an 
assumption—and a highly unrealistic one at 
that—by the authors. Yet the whole thrust 
of the Cole-Sanders argument hinges on this 
assumption of a strict dichotomy between 
migrants with human capital and those 
without. For their argument to make any 
sense at all, they are forced to assume that 
the pool of labor from which the flows given 
by equations (2) and (3) are drawn are com- 
pletely distinct. Casual references to the fact 
that a short-run model should not be con- 
cerned with the decision to invest in human 
capital are an inadequate justification for 
this extreme dichotomy. The formal model 
thus has little value as a tool of analysis 
and/or policy. 

A few words also need to be said about 
the existence of “perverse markets” in Third 
World countries—a phenomenon that seems 
to deeply disturb the authors (p. 492). The 
fact is that a great deal of the literature of 
development economics deals with this per- 
versity and the resulting dichotomy between 
private and social benefit-cost calculations. 
Whether in the realm of the economics of 
family fertility, the costs and returns of in- 
vesting in primary vs. higher education, the 
impact of factor price distortions on resource 
allocation or the ranking of public and 
private investment projects, the messy and 
complex world of development economics is 
permeated by such “perversities.” Their ex- 
istence requires flexibility in our theoretical 
modeling and policy advice. And, as in the 
case of my migration model, it requires the 
development theorist to work within the in- 
stitutional realities of Third World markets 
and nonmarkets (in this case, to recognize 
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the downward stickiness of urban modern 
wages) and analyze alternative mechanisms 
of economic adjustment (for example, by 
reference to an equilibrium unemployment 
rate rather than an equilbrium wage rate as 
in the unrealistic flexible wage model). 
Finally, in the last section of their paper, 


‘Cole and Sanders grant that my model “has 


been found consistent with the data” and 
“has yielded the correct prediction” with 
regard to the growth of the U-S sector labor 
force. Despite this recognition, they declare 
the theory inappropriate and unable to pro- 
vide a satisfactory explanation for the rapid 
growth of Third World cities. They assert 
that the rapid urbanization of the Third 
World is both privately and socially desir- 
able, despite the existence of a large body of 
empirical research to the contrary, as well as 
a series of United Nations surveys of popu- 
lation issues in the Third World showing 
that most governments believe that their 
population distributions are “highly un- 
acceptable” with over 80 percent saying they 
were trying to slow down or reverse their 
rural-urban migration (United Nations, 1978, 
pp. 27-28). Even in Mexico, the country 
used by Cole and Sanders to support their 
arguments, the government in its 1984-88 
National Development Program has asserted 
that “the concentration of population and 
economic activity in the Mexico City met- 
ropolitan area has reached extremes that dis- 
tort the social and economic development of 
the nation” (The New York Times, Septem- 
ber 8, 1985, p. 26E). The Mexican govern- 
ment blamed lack of rural development, 
urban bias, and excessive migration as the 
major reasons for these distortions. 

Given the need for simplifying assump- 
tions, we cannot place unreasonable de- 
mands on simple or, indeed, most complex 
models. But, as always, evaluations of theo- 


. Ties must focus on the reasonableness of 


their underlying structures and their valida- 
tion or contradiction by empirical observa- 
tion and testing. By these standards, the 
basic Todaro and Harris-Todaro models as 
modified and refined by successive writers 
over the past fifteen years seem to have 
withstood the test of: time reasonably well 
(see, for example, Robert Lucas, 1985, and 


VOL. 76 NO. 3 


Fields, 1986). The Cole-Sanders critique of 
that model and the alternative framework 
which they offer is based on such restrictive 
and unrealistic assumptions that it does little 
to further our understanding of the migra- 
tion process in developing nations. 
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Internal Migration and Urban Employment: Reply 


By WILLIAM E. COLE AND RICHARD D. SANDERS* 


Despite the diversity and intensity of 
Michael Todaro’s comment (1986), the es- 
sence of controversy reduces to differences in 
the respective views of the urban subsistence 
sector, Each view, in turn, depends upon a 
distinctive viewpoint. Observing from the 
viewpoint of the bureaucrat and other elite 
to whom he defers in his comment, Todaro 
sees the large cityward flow of Third World 
humanity as a menace, destroying urban 
amenities. 

Todaro’s focus being the modern sector, 
his model only incorporates an urban sub- 
sistence sector indirectly, and then only as a 
way station on the route to modern sector 
employment. His assumption is that every 
potential migrant has modern sector employ- 
ment as an explicit goal.' Conceptually, he 
leaves no room for the uneducated rural 
persons whose aspirations are keyed to the 
modest employments of the urban sub- 
sistence sector. We, on the other hand, look 
from below, from the subsistence sector. 
From there, we see both rural and urban 
welfare gains from observed spatial move- 
ment of labor. We grant that unpleasant 
externalities may be involved, especially from 
the point of view of a discomfitted elite. 
However, those possible externalities should 
be studied in their own right and have no 
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'Todaro tells us there that there are three categories 
of migrants: There are those who go directly to the 
modern sector; those who get temporary jobs in the 
informal sector before moving on to the modern sector; 
and those who hope for modern employment, but who 
remain in fact in the informal sector. The category 
“informal sector” as used by Todaro would be a major 
component of what we have designated as the urban 
subsistence sector. 
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place in a debate between competing ex- 
planations of migration.? 

The present debate, therefore, comes down 
to a straightforward empirical question. If, in 
fact, there are persons who move to the city 
with the intent of taking up permanent em- 
ployment in the urban subsistence sector, 
then their decisions cannot be explained by 
Todaro. If they are few in number, the theo- 
rist may assume them away. If their numbers 
are significant, however, migration flows must 
be viewed as dual in nature and an alterna- 
tive explanation for the, subsistence portion 
is required. 

Todaro’s crucial point is that “the Cole- 
Sanders’ theory requires them to make an 
artificial separation” of migration flows into 
those who go to the modern sector and those 
who go to and remain in the subsistence 
sector. This argument is effectively coun- 
tered, we believe, by our crucial point that 
Todaro’s view of an undifferentiated flow 
carries with it the inappropriate assump- 
tion that all migrants deem themselves able 
to enter into modern sector employment.3 


2 Nevertheless, we yield to the temptation to point 
out that the restriction of automobile flows might pro- 
tect urban amenities even more than would the restric- 
tion of human flows. 

3 Todaro, at one point, appears to think that the crux 
of our argument rests on the empirical relevancy of the 
simulation exercise reported in our Tables 1 and 2 
(1985, p. 484). While we do not view the exercise as a 
crucial juncture, we stick with our numbers. We cite 
sources for our data that we believe to be as reputable as 
those he cites. As for Todaro’s proposal of a discount 
factor of zero or possibly negative, we must demur. In 
the context of our discussion, a negative rate would be 
justified only if wages were rising as fast or faster than 
inflation, while interest rates lagged behind the inflation 
rate. For many LDCs, there is evidence that in the face 
of inflation, the purchasing power of blue-collar income 
declines. Todaro’s negative discount rate would imply 
that the wage for a given job should provide for greater 
utility ‘in the future than presently. In any event, the 
crucial question is not whether it takes two years or 
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Neither Todaro nor any of the empirical 
works cited by him has attempted to analyze 
data on this question.* We have. Where they 
have relied on aggregated data, usually of a 
census nature, we have turned to noted an- 
thropologists and sociologists to obtain a 
view at the level of the household and the 
individual. It is to their works that we refer 
when we speak of data from many sources. 
And it is these works that Todaro disparages 
as “outdated, secondary Mexican statistics.” 

One feature discussed by a number of 
“social scientists, one of whom in the recent 
past was Todaro, is credentialism.® This phe- 
nomenon tells us not only that there are 
educational requirements for employment in 
the modern sector, but also that those re- 
quirements are often higher than would ap- 
pear justified by the nature of the work. 
Information about these barriers to modern 
employment is widespread and potential 
migrants are likely to learn of them through 


twenty years for an educated migrant to get a modern 
job. The question is what happens to the migrant without 
the credentials required by the modern sector. 

4 Todaro chides us for failing to consider a number of 
works whose authors have sought to validate the Todaro 
model empirically. While not citing them, it is they to 
whom we refer when we say that his model has generally 
been found consistent with the data (1985, p. 492). We 
also add that we are counted among those who have 
fashioned econometric models to test the Todaro theme 
(1983). When Todaro cites several works as having 
developed more satisfactory models than ours for incor- 
porating an urban subsistence or urban informal sector, 
we must again demur. Just as does Todaro, they con- 
sider the urban subsistence sector to be no more than a 
way station. Furthermore, they do not pursue intersec- 
toral relationships and they especially overlook the de- 
terminants of demand for subsistence labor. Our own 
previous work (1972) is the earliest of which we are 
aware that treats both rural and urban subsistence sec- 
tors. 

5A glance of titles in our original bibliography will 
tell the reader that our data covers more countries than 
Mexico. We now realize that we should have said that 
this paper “utilizes data” instead of “presents data.” 
Possibly, then, Todaro would not have expected copious 
tables. 

®In the latest version of his textbook, Todaro (1985) 
gives an extensive discussion of the problem of creden- 
tialism. Such awareness, however, is isolated from his 
discussion of internal migration. 
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networks that include relatives and acquain- 
tances.” The evidence seems clear. A sizeable 
number of persons without significant rele- 
vant education, formal or informal, move to 
the cities. Far from being artificial, our con- 
ceptual separation of migration into two 
flows largely comports with reality. 

We do not assume, as Todaro claims, that 
all persons who enter urban subsistence 
employment remain there permanently. Some 
migrants, those with sufficient education, 
accept temporary employment in the sub- 
sistence sector while awaiting selection into 
the modern sector. This aspect can easily be 
incorporated into our approach. We do ad- 
mit to making simplifying assumptions, al- 
though not all of those alleged by Todaro, 
and none that are not common in highly 
aggregated models. We also concur that our 
explanation of migration between rural and 
urban subsistence sectors is simple and 
straight forward. In fact, it is straight from 
the textbook. Why then did we take such a 
round about way of getting to it? First, it 
was necessary to blow away some of the fog 
created by the Todaro model so that the 
reader could see that there is an important 
urban sector in which wage rather than 
employment equilibrates the labor market. 
Second, we think that our work goes beyond 
an explanation:of the migration decision to 
explore the interrelationships between the 
modern and the subsistence sectors and to 
explore the determinants of demand for 
urban subsistence labor.® 


7 We find it incredible that Todaro can see all migrants 
as knowledgeable about urban wage rates, employment 
probabilities, and even able to arrive at a proper dis- 
count rate, while at the same time viewing them as 
ignorant of the existence of substantial barriers to mod- 
ern sector employment. 

®With reference to a sticky urban wage, Todaro 
wraps himself in the cloak of institutional realism and 
chides us for apparently overlooking the “facts of life” 
in LDCs. We acknowledge the fact of sticky wages in 
the modern sector but reject it as inappropriate for the 
subsistence sector. In their recent work, Allen Kelley 
and Jeffrey Williamson (1984, p. 19) agree with us that 
the wage equilibrates the subsistence labor market. In- 
terestingly, they also independently arrived at the desig- 
nation “US” for what we call the urban subsistence 
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Job Openings for Economists 53,910 49,859 
Index of Economic Articles 45,444 9,854 
1,539,208 1,316,842 
OPERATING AND ADMINISTRATIVE EXPENSES: 
General and administrative: 
Salaries ` 168,336 164,041 
Rent 14,650 13,772 
Other (Exhibit I) 190,503 f 162,197 
Committee 41,728 53,711 
Annual meeting 5,265 4,228 
Benefit from 
federal income taxes (Note A) (3,350) (3,000) 
417,132 394,949 
Operating Expenses 1,956,340 1,711,791 
Operating Deficit (164,205) (37,784) 
INVESTMENT GAINS (Note B) 449,361 284,557 
REVENUES IN EXCESS OF EXPENSES $ 285,156 $ 246,773 





See notes to financial statements. 
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THE AMERICAN ECONOMIC ASSOCIATION STATEMENTS OF CHANGES IN GENERAL FUND BALANCE 

















Market 
Value 
Total Operations Adjustments 
Balance at January 1, 1984 $2,468,490 $1,620,985 $ 847,505 
Add market value adjustments resulting 
from inflation (Note A) 115,270 - 115,270 
Add revenues in excess of expenses 246,773 246,773 - 
Balance at December 31, 1984 2,830,533 1,867,758 962,775 
Add market value adjustments resulting 
from inflation (Note A) 101,914 - 101,914 
Add revenues in excess of expenses 285,156 285,156 - 
Balance at December 31, 1985 $3,217,603 "$2,152,914 $1,064,689 





See notes to financial statements. 


THE AMERICAN ECONOMIC ASSOCIATION STATEMENTS OF CHANGES IN RESTRICTED FUND BALANCE 





YEAR ENDED DECEMBER 31, 1984: 

The Alfred P. Sloan Foundation and 
Federal Reserve System grants for 
increase of educational opportunities 
for minority students in economics 

The Minority Scholarship Fund for 
minority students applying for 
graduate work in economics 

The Rockefeller Foundation Grant 
for minority students applying 
for graduate work in economics 

Sundry 


YEAR ENDED DECEMBER 31, 1985: 

The Alfred P. Sloan Foundation and 
Federal Reserve System grants for 
increase of educational opportunities 
for minority students in economics 

The Minority Scholarship Fund for 
minority students applying for 
graduate work in economics 

The Rockefeller Foundation Grant 
for minority students applying for 
graduate work in economics 

Sundry 





See notes to financial statements. 


Balance at 
January 1 


$ 26,760 


5,000 








Receipts 


$141,570 











1,150 
100 
$130,250 


Disburse- 
ments 


$ 98,690 








Balance at 
December 31 


$ 69,640 





5,000 
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THE AMERICAN ECONOMIC ASSOCIATION STATEMENTS OF CHANGES IN FINANCIAL POSITION 
FOR THE YEARS ENDED DECEMBER 31, 1985 AND 1984 











1985 1984 
Cash, beginning of year $ 915,479 $ 705,732 
SOURCES OF CASH: 
Revenues in excess of expenses 285,156 246,773 
Noncash charges: 
Depreciation 8,564 3,780 
Directory publication (Note A) 50,000 65,000 
Market value adjustments (Note A) (187,415) (20,262) 
Cash provided by operations 156,305 295,291 
INCREASE (DECREASE) IN CASH DUE TO CHANGES IN: 
Investments (1,162,597) 62,299 
Accounts receivable (7,683) i 73,537 
Inventory of Index of Economic Articles (9,942) (42,926) 
Prepaid expenses 9,537 (1,096) 
Office furniture and equipment (29,188) (822) 
Accounts payable and accrued liabilities 197,015 (10,811) 
Deferred revenue 54,064 55,188 
Accrual for directory (192,852) (531) 
Restricted funds (11,078) 21,827 
General fund, market value adjustments 101,914 115,270 
Unrecognized change in market value of 
investments 611,777 (357,479) 
Cash, end of year $ 632,751 $ 915,479 





See notes to financial statements. 
Notes to Financial Statements 


A. Summary of Significant Accounting Policies 


Investments are accounted for on a market value basis. According to the method the Association uses to value 
investments, the change in market value of corporate stocks, government obligations, bonds and commercial paper 
during the year, after adjusting for an inflation factor (3.3% in 1985 and 3.7% in 1984), is recognized in income over a 
three-year period for corporate stocks and reflected in current income for government obligations, bonds and 
commercial paper. 


The Accrual for directory results because every three to five years the Association publishes a directory which 
lists, among other things, the names and addresses of its membership. This directory was most recently published in 
1985 and distributed at no cost to the membership. In order to properly match the publishing cost of this directory 
with revenue from membership dues, the Association provided $50,000 in 1985 and $65,000 in 1984 for estimated 
publishing costs which will reduce actual directory expenses in the year of publication. 


Deferred revenue represents income from membership dues and subscriptions to the various periodicals of the 
Association which are deferred when received. These amounts are then recognized as income following the 
distribution of the specified publications to the members and subscribers of the Association. Income from life 
membership dues is recognized over the estimated average life of these members. 


The American Economic Association files its federal income tax return as’ an educational organization, substan- 
tially exempt from income tax under Section 501(c) (3) of the Internal Revenue Code. As required by Section 511(a) 
of this Code, the Association provides for federal income taxes on certain revenues which are not substantially related 
to its tax exempt purpose. This “unrelated business income” includes income from advertising and the sale of mailing 
lists. The Association has been determined to be an organization which is not a private foundation. 
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B. Investments and Investment Income 


Investments consist of: 


December 31, 1985 December 31, 1984 




















Cost Market Cost Market 
Government obligations, bonds 
and commercial paper $1,056,248 $1,176,371 $ 923,345 $ 983,784 
Corporate stocks and 
mutual funds 2,146,227 3,151,414 1,696,178 2,181,404 
$3,202,475 $4,327,785 $2,619,523 $3,165,188 
Investment gains recognized consist of: Year Ended December 31 
1985 1984 
Government obligations, bonds, and commercial paper: 
Interest $168,714 $176,304 
Increase (decrease) in market value recognized 35,310 (28,084) 
204,024 148,220 
Corporate stocks and mutual funds: 
Cash dividends 93,233 87,992 
Increase in market value recognized (Note C) 152,104 48,345 
245,337 136,337 
Investment gains, net $449,361 $284,557 





C. Unrecognized Change in Market Value of Investments 


As described more fully in Note A, the Association recognizes in income over a three-year period changes 
in the market value of its corporate stocks. The following summarizes the years in which market value changes in 
stocks occurred that affected 1985 and 1984 revenues, and the amount of these market value increases (decreases) that 
will be recognized in income in future periods. 














Year of 
Market Value Recognized in To be Unrecognized 
Change Income in Recognized in Change 
1985 1984 1986 1987 1985 1984 
1982 $ - $ 88,397 $ - $ - $ - $ - 
1983 69,747 69,747 - z = 71,600 
1984 (109,799) (109,799) (109,798) - (109,798) (219,597) 
1985 192,156 5 192,156 194,007 386,163 - 
$152,104 $ 48,345 $ 82,358 $194,007 $276,365 ($147,997) 

















The Association’s revenues in excess of expenses would have been $709,520 in 1985 and ($130,968) in 1984 if 
changes in the market value of corporate stocks, after adjustment for inflation, had been recognized only, but entirely, 
in the year in which they occurred. 

The Association’s investment gains would have been $148,406 in 1985 and $121,978 in 1984 if 4% of the market 
value of the portfolio had been considered investment income (without regard to dividends, interest, capital gains and 
inflation), Under this method, the Association’s revenues in excess of expenses would have been ($15,799) in 1985 and 
$84,195 in 1984. 
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D. Retirement Annuity Plan 


Employees of the Association are eligible for participation in a contributory retirement annuity plan. 
Payments by the Association and participating employees are based on the employee’s compensation. Benefit 
payments are based on the amounts accumulated from such contributions. The total pension expense was approxi- 
mately $28,000 and $27,000 for 1985 and 1984, respectively. 


E. Ratio of Net Worth to Expenses 


The ratio of net worth at December 31, 1985 to 1986 budgeted expenses is 1.75 and the ratio of net worth at ° 
December 31, 1984 to actual '1985 expenses is 1.37. 


EXHIBIT 1—THE AMERICAN ECONOMIC ASSOCIATION STATEMENTS OF OTHER 
GENERAL AND ADMINISTRATIVE EXPENSES FOR THE YEARS ENDED 
DECEMBER 31, 1985 AND 1984 


1985 1984 
Dues and subscriptions $ 49,600 $ 49,600 
Mailing list file maintenance 25,497 23,617 
Postage 18,770 16,478 \ 
Accounting and legal 16,995 12,140 
Periodic mailing expenses 15,054 14,189 
Office supplies 14,823 11,988 
Investment counsel and custodian fees 12,745 11,960 
Currency exchange charges 9,516 1,548 
Depreciation (straight-line method) 8,564 3,780 
Telephone 5,489 4,626 
Uncollectible receivables 4,772 1,002 
Insurance and miscellaneous 4,060 4,088 
President and president-elect expenses 2,941 5,648 
Travel and entertainment 1,677 1,533 





ERRATA 


Please note the following corrections and additions to the AER Survey of Members, 
December 1985, Number 6. (This page may be removed and inserted in the 1985 


Survey.) 


I. Corrections 


P. 71- ABELSON, MILTON, Concurrent/Past Posi- 
tions: Part-time consultant, John F. Kennedy 
Sch. of Govt., Harvard U., 1981-85; retired. 


P. 205- FRENKEL, JACOB A., 
Phone: Office (312) 962-8253. 


P. 214- GENDREAU, BRIAN, Degrees: B.A., North- 
western U., 1973; M.A., Sch. of Advan. int'l. 
Studies, Johns Hopkins U., 1976. 


P. 379- NERLOVE, MARC L., 
Phone: Office (215) 898-8484; 
Home (215) 748-1924. 


P. 406- PHILPOT, GORDON, Prin. Cur. Position: Prof. 
of Econs., Whitman Coli., 1983. Concurrent/ 
Past Positions: Asst. & Assoc. Prof., Whitman 
Coll., 1969-82. 


P. 432- ROSEN, SHERWIN, 
Phone: Office (312) 962-8166. 


II. Additions 


HALDI, JOHN, 680 Fifth Ave., #1100, New York, NY 
10019. Phone: Office (212) 664-8877; Home (212) 935- 
0050. Degrees: B.A., Emory U., 1952; M.A., Stanford U., 
1956; Ph.D., Stanford U.,1958. Prin. Cur. Position: 
Pres., Haldi Associates, inc., 1967-. Concurrent/ Past 
Positions: Dir., PPB Staff, U.S. Bur. of Budget, 1965-67; 
Asst. Prof., Grad. Sch. of Bus., Stanford U., 1958-65. 
Research: Decision-making in business firms; strategic 
planning process. 


KOOT, RONALD S., Pennsylvania State Univ., 310 Bus. 
Admin. Bidg., University Park, PA 16802. Phone: Office 
(814) 865-6861; Home (814) 238-1326. Fields: 210, 
300. Birth Yr: 1937. Degrees: B.S., Penn. State U. at 
Univ. Park, 1962; M.A., U. of Oregon, 1967; Ph.D., U. of 
Oregon, 1967. Prin. Cur. Position: Prof. of Mngmt. Sci., 
Penn. State U. at Univ. Park, 1973-. Concurrent/ Past 
Positions: Asst. & Assoc. Prof., Penn. State U. at Univ. 
Park, 1966-73. Research: Econometric analysis of 
macroeconomic stabilization policies. 


NICHOLAS, CONSTANTINE J., P.O. Box 1752, Prince 
George Plaza Station, Hyattsville, MD 20902. Phone: 
Office (202) 475-3642; Home (301) 681-7179. Fields: 
710, 530. Birth Yr: 1919. Degrees: B.S., U. of Pitt., 1941; 
M.A., U. of Pitt., 1949. Prin. Cur. Position: Econ., U.S. 
Dept. of Agric., Wash., D.C., 1965-. Concurrent/ Past 
Positions: Traffic Mgr., Military Traffic Mgmt. Agcy., 
1958-65. Research: New transport technologies in 
transporting agricultural products. 


The Association does not keep corrections and additions on file for future editions of 
the Survey. Please do not send questionnaires to the Association office or to the data. 
service company. Members in good standing at the time the next Survey is published 
will be asked to correct their listing or submit a new questionnaire. 
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NOTES 


1987 Nominating Committee of AEA 


In accordance with Section IV, paragraph 2, of the 
bylaws of the American Economic Association as 
amended in 1972, President-Elect Gary S. Becker has 
appointed a Nominating Committee for 1987 consisting 
of Charles L. Schultz, Chair; Marjorie Honig, Steve 
McGee, Frederic L. Pryor, Michael Rothschild, Richard 
Schmalensee, and Frank P. Stafford. 

Attention of members is called to the part of the 
bylaw reading, “In addition to appointees chosen by the 
President-Elect, the Committee shall include any other 
member of the Association nominated by petition in- 
cluding signatures and addresses of not less than 2 
percent of the members of the Association delivered to 
the Secretary before December 1. No member of the 
Association may validly petition for more than one 
nominee for the Committee. The names of the Commit- 
tee shall be announced to the membership immediately 
following its appointment and the membership invited 
to suggest nominees for the various officers to the Com- 
mittee.” 


Nominations for AEA ‘Officers: 1987 


The Electoral College on March 22 chose Robert 
Eisner as nominee for President-Elect of the American 
Economic Association in the balloting to be held in the 
autumn of 1986. Other nominees (chosen by the 1986 
Nominating Committee) are: Vice President (two to be 
elected), Richard N. Cooper, Ann F. Friedlaender, 
Robert E. Lucas, Jr., and Burton A. Weisbrod; for 
members of the Executive Committee (two to be elec- 
ted), Bernard E. Anderson, Robert J. Barro, Rudolph G. 
Penner, and Judith Thornton. 

Under a change in the bylaws as described in the 
American Economic Review Proceedings, May 1971, page 
472, additional candidates may be nominated by peti- 
tion, delivered to the Secretary by August.1, including 
signatures and addresses of not less than 6 percent of 
the membership of the Association for the office of 
President-Elect, and not less than 4 percent for each of 
the other offices. For the purpose of circulating peti- 
tions, address labels will be made available by the 
Secretary at cost. 


The Institute of International Education has awarded 
a grant to the American Economic Association under 
the Short-Term Enrichment Program (STEP) of the U.S. 
Information Agency to assist foreign graduate students 
studying in the United States to attend the annual 
meeting of the Association. Recipients must be full-time 
graduate students at U.S. institutions of higher learning 
and must not be receiving any U.S. government funds 
for academic or travel expenses. The 1986 meetings will 


583 


be held in New Orleans, Louisiana, December 28-30. 
The maximum award is $300. To receive an application 
form, write STEP Grants, American Economic Associa- 
tion, 1313 21st Avenues South, Suite 809, Nashville, TN 
37212-2786. To be considered for a travel grant, com- 
pleted forms must be received by November 3, 1986. 


The Social Science Research Council announces 
MacArthur Foundation Fellowships in Peace and Inter- 
national Security: 1986 Postdoctoral and Dissertation 
Training and Research Fellowships for scholars and 
students of any nationality or from any country. An 
award of $30,000 per year for postdoctoral fellows and 
$15,000 for dissertation fellows is provided to cover 
living expenses, travel, and research costs, The deadline 
is August 1, 1986. For full information, contact SSRC 
Program in International Peace and Security Studies, 
605 Third Avenue, New York, NY 10158 (telephone 
212 + 661-0280). 


The Indo—U.S. Subcommission on Education and 
Culture offers twelve long-term (6-9 months) and nine 
short-term (2-3 months) awards for 1987-88 research in 
India. Applicants must be U.S. citizens at the postdoc- 
toral or equivalent professional level. Fellowships in- 
clude $1,500 per month ($350 payable in dollars; bal- 
ance in rupees); an allowance for books, study/travel in 
India and international travel for grantee. There are 
allowances for long-term fellows’ dependents. Applica- 
tion deadline in June 15, 1986. For full information and 
application forms contact CIES, Att: Indo-American 
Fellowship Program, Eleven Dupont Circle, NW, Suite 
300, Washington, D.C. 20036~1257 (telephone 202+ 
939-5469). 


The Council for International Exchange of Scholars 
(CIES) announces the 1987-88 Fulbright Scholar 
Awards competition. Benefits include round-trip travel 
for the grantee and, for full academic year awards, one 
dependent; living costs allowance; tuition as well as 
book and baggage allowances. Grants are for 3-12 
months in over 100 countries. Applicants must be U.S. 
citizens, hold the Ph.D. or comparable professional 
qualifications, and have university or college teaching 
experience. Deadlines are June 15, 1986 for Australasia, 
India, Latin America, and the Caribbean; September 15, 
1986 for Africa, Asia, Europe, and the Middle East; 
November 1, 1986 for institutional proposals for the 
Scholar-in-Residence Program; January 1, 1987 for Ad- 
ministrators’ Awards in Germany, Japan, and the United 
Kingdom; Seminar in German Civilization; and the 
NATO Research Fellowships; and February 1, 1987 for 
Spain Research Fellowships, and France and Germany 
Travel-Only Awards. For more information and appli- 
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cations, contact Council for International Exchange of 
Scholars, Eleven Dupont Circle, NW, Washington, D.C. 
20036-1257 (telephone 202 + 939-5401). 


Announcing the formation’ of the Korea-America 
Economic Association (KAEA): the objectives are to 
facilitate cooperation and participation in research 
efforts among economic professionals in all sectors who 
share interests in economic ‘relations between North 
America and Korea. The KAEA will hold an interna- 
tional economic conference in August 1986 in Seoul, 
jointly with the Korean Economic Association. For full 
information on membership and KAEA activities, con- 
tact Taeho Bark, Department of Economics, George- 
town University, Washington, D.C. 20057 (telephone 
202 + 625-4671 /4121). 


The Social Science Research Council announces an 
Advance Research Fellowship Program on the Processes 
of U.S. Foreign Policymaking, with support from the 
Ford Foundation. The fellowships will assist postdoc- 
toral and senior scholars to undertake research on the 
processes of U.S. foreign policymaking and special em- 
phasis will be given to proposals that seek to extend 
research in this area beyond the conventional focus on 
the foreign policy and national security agencies of the 
U.S. federal executive, Research is especially encour- 
aged that compares the making of contemporary U.S. 
foreign policy processes to policymaking across histori- 
cal periods, issues, or countries, as well as research that 
makes use of theories and insights from diverse social 
science disciplines. Awards will be for up to two years of 
full-time support and may be accepted in addition to 
other grants, awards, and fellowships. There are no 
citizenship or residence requirements. The size of the 
stipend is expected to range between $25,000 and $30,000 
per year. The deadline is October 1, 1986. For full 
information, contact Council Fellowships in Foreign 
Policy Studies, SSRC, 605 Third Avenue, New York, 
NY 10158 (telephone 212 + 661-0280). 


Announcing the creation of the International J. A. 
Schumpeter Society: The foundation will be held in 
Augsburg, West Germany, September 2-5, 1986, com- 
bined with an international congress on “Evolutionary 
Economics: Modelling and Empirical Research.” The 
Society’s aim is the scientific study of the problems of 
development, primarily in advanced economies. Follow- 
ing the ideas of Schumpeter, it conceives of development 
as the combination of growth and structural change 
broadly defined. It will concentrate on the dynamics of 
structural change, its origins and effects in all aspects: 
the role of the dynamic entrepreneur, income distribu- 
tion, and will also consider political and social problems 
of entrepreneurship and entrepreneurial history. For 
further information, write to Professor Dr. Horst 
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Hanusch, Lehrstuhl für VWL V, Universitat Augsburg, 
Memminger Straße 14, D-8900 Augsburg. 


Call for Papers: The annual meeting for the Asso- 
ciation of Environmental and Resource Economists 
(AERE) will be held jointly with the AEA in New 
Orleans, LA, December 28-30. Those interested in hav- 
ing papers considered for this session should send three 
copies of a one-page abstract to the AERE President, 
V. Kerry Smith, Department of Economics, Vanderbilt 
University, Campus Box 52B, Nashville, TN 37235. The 
deadline is June 15, 1986. 


Call for Papers: The ninth annual Middlebury Col- 
lege Conference of Economic Issues, “The Spread of 
Economic Ideas,” will be held in the late fall, 1986. 
To be considered, please send proposals to David C, 
Colander, Johnson Professor of Economics, Middlebury 
College, Middlebury, VT 05753. 


Call for Papers: Studies in Economic Analysis is a 
biannual, student-edited journal soliciting research 
articles from both established economists and students. 
Submission fee is $4.00 for nonsubscribers, Submit 
manuscripts to, or request complete format and style 
requirements from, The Editors, SEA, Department of 
Economics, College of Business Administration, Univer- 
sity of South Carolina, Columbia, SC 29208. 


Call for Papers: Population Research and Policy Re- 
view seeks manuscripts concerned with empirical re- 
search and public policy on topics relevant to popula- 
tion dynamics and structure. The journal wishes to 
emphasize the connection between research and policy 
and to focus on social issues implicating population, 
such as sex and race discrimination, urban programs, 
housing, immigration, and energy consumption. Submit 
two copies of papers to the Editor: Larry D. Barnett, 
School of Law, Widener University, P.O. Box 7474, 
Wilmington, DE 19803-0474. 


Cail for Papers: The fourteenth annual meeting of the 
Midsouth Academy of Economics & Finance will be 
held in Mobile, Alabama, February 25-28. Those inter- 
ested in participating should submit abstracts and in- 
clude areas that you would be willing to chair or discuss 
to Jim McMinn, MAEF General Program Chair, De- 
partment of Economics & Finance, Box 8537, Austin 
Peay State University, Clarksville, TN 37044. The 
deadline is October 15, 1986. 
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Call for Papers: The journal Population Research and 
Policy Review is planning a special issue on morbidity 
and mortality around the world. The co-editors for the 
issue are Charles B. Nam and George C. Myers. 


Manuscripts concerned with research on morbidity | 


and/or mortality, that have policy implications, are 
being solicited. Papers should not exceed 20 double- 
spaced typewritten pages. Four copies of the paper 
should be sent to either Charles B. Nam, Center for the 
Study of Population, Florida State University, Tallahas- 
see, FL 32306, or George C. Myers, Center for Demo- 
graphic Studies, Duke University, 2117 Campus Drive, 
Durham, NC 27706. The deadline for submissions is 
late summer of 1986. For further information, write or 
telephone Dr. Nam (904+ 644-1762) or Dr. Myers 
(919 + 684-6126). 


Call for Papers: The 1987 meeting of the History of 
Economics Society will be held June 20-22, 1987, at the 
Harvard Business School campus in Boston. Proposals 
for papers should include author(s) name, address, tele- 
phone number, and institutional affiliation; title and 
brief description of the paper. To be a discussant, 
indicate areas of interest. The theme of the meeting is 
the international scope of the interests and membership 
of the Society, but proposals and suggestions for the 
program are welcomed regarding any topic of interest to 
historians of economic thought and methodology. Pro- 
posals and suggestions should be sent by October 15, 
1986 to the president-elect, Donald A. Walker, Depart- 
ment of Economics, Indiana University of Pennsylvania, 
Indiana, PA 15705. 


Deaths 


Alfred F.. Chalk, professor emeritus, Texas A&M 
University, September 29, 1985. 

Eric J. Hanson, professor emeritus of economics, 
University of Alberta, December 31, 1985. 


Promotions 


David L. Cleeton: associate professor of economics, 
Oberlin College, January 1986. 

David T. Coe: head, General Economics Division, 
Department of Economics and Statistics, OECD, De- 
cember 1985. 

Victor J. Cook, Jr.: professor of marketing, A. B. 
Freeman School of Business, Tulane University, January 
1, 1986. 

Edwin Dean: chief, Division of Productivity Re- 
search, Office of Productivity and Technology, Bureau 
of Labor Statistics, December 1985. 

Hillard G. Huntington: executive director, Energy 
‘Modeling Forum, Stanford University, September 1, 
1985. 
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I. Curtis Jernigan, Jr.: chief, Economic Regulatory 
Section, Antittrust Division, U.S. Department of Jus- 
tice, October 1, 1985. 

Jon M. Joyce: chief, Economic Litigation Section, 
Antitrust Division, U.S. Department of Justice, October 
1, 1985. 

Youn-Suk Kim: professor of economics, Kean Col- 
lege of New Jersey, September 1, 1985. 

Russell W. Pittman: assistant chief, Economic Regu- 
latory Section, Antitrust Division, U.S. Department of 
Justice, October 1, 1985. 

Frederick Warren-Boulton: Deputy Assistant Attor- 
ney General, Antitrust Division, U.S. Department of 
Justice, October 1, 1985. 


Administrative Appointments 


Joseph T. Bombelles; chairman, department of eco- 
nomics, John Carroll University, March 1985. 

Morley Gunderson: director, Centre for Industrial 
Relations, University of Toronto, July 1, 1985. } 

Frank J. Navratil: dean, School of Business, John 
Carroll University, March 1985. 

Richard C. Porter: chair, department of economics, 
University of Michigan, January 1, 1986. 

Ranbir Varma: chair, economics department, Long 
Island University, Brooklyn Center, September 1, 1985. 


New Appointments 


Aquiles A. Almansi, University of Chicago: assistant 
professor, department of economics, University of 
Michigan, September 1, 1985. 

Robert B. Barsky, MIT: assistant professor, depart- 
ment of economics, University of Michigan, September 
1, 1985. 

Charles C. Brown, University of Maryland: profes- 
sor, department of economics, University of Michigan, 
September 1, 1985. 

Christopher Garbacz, University of Missouri-Rolla: 
visiting professor of economics, National Taiwan Uni- 
versity, February 1986. 

Mary E. Fitzpatrick, Northwestern University: econ- 
omist, Economic Regulatory Section, Antitrust Division, 
U.S. Department of Justice, December 1985. 

Richard P. Rozek, Federal Trade Commission: senior 
analyst, Pharmaceutical Manufacturers Association, July 
1, 1985. 

Stephen W. Salant, Rand Corporation: professor, 
department of economics, University of Michigan, 
January 1, 1986. 

Gim-Seong Seow: assistant professor of accounting, 
University of Washington, January 6, 1986. 

George S. Tavlas, U.S. Department of State: senior 
economist, International Monetary Fund, September 
1985. 

Velma M. Thompson: associate professor of political 
economy and director of studies in public policy and 
free enterprise, School of Business and Management, 
Chapman College, September 1, 1985. 

Mark L. Wilson: instructor of economics, University 
of Charleston, August 1985. 
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NOTE TO DEPARTMENTAL SECRETARIES AND EXECUTIVE OFFICERS 


When sending information to the Review for inclusion in the Notes Section, use the following style: 


A. Please use the following categories (please—do not send public relation releases): 


1— Deaths i 6—New Appointments 

2-—Retirements 7—Leaves for Special Appointments (NOT Sabbaticals) 
3— Foreign Scholars (visiting the USA or Canada) 8— Resignations 

4— Promotions 9—Miscellaneous 


5—-Administrative Appointments 


B. Please give the name of the individual (SMITH, Jane W.), her present place of employment or enrollment: her 
new title (if any), new institution and the date at which the change will occur. 


C. Type each item on a separate 3X5 card. 


D. The closing dates for each issue are as follows: March, October 15; June, January 15; September, April 15; 
December, July 15. 


All items and information should be sent to the Editorial Office, American Economic Review, 209 Nassau Street, 
Princeton, NJ 08542-4607. 


NOTICE TO ALL GRADUATE DEPARTMENTS 


The December 1986 issue of the Review will carry the eighty-third list of doctoral dissertations in political economy 
in American universities and colleges. The list will give recipients and titles of doctoral degrees conferred during the 
academic year terminating June 1986. This announcement is an invitation to send us information for the preparation 
of the list. 


By June 30, please send us this information on 3X5 cards, conforming to the style shown below, one card for each 
individual. Please indicate by a classification number in the right-hand corner the field in which the thesis should be 
classified, The classification system is that used by the Journal of Economic Literature and printed in every issue. 

Please note: Cards received that do not indicate a classification number will be printed as “Not Classified.” 


All items and information should be sent to the Editorial Office, American Economic Review, 209 Nassau Street, 
Princeton, NJ 08542-4607. 


JEL Classification No. 
Name: LAST NAME IN CAPS: First Name, Initial 


Institution Granting Degree: 


Degree Conferred (Ph.D. or D.B.A.) 


Dissertation Title: 





Begin making plans to attend the 


Annual Meeting of 
~The American 
Economic Association 


(in Conjunction with Allied Social Science Associations) 
to be held in 


NEW ORLEANS, LA 


Dec. 28-30, 1986 


The Employment Center opens Saturday, December 27. 


See the Notes section of the September AER for the American Economic Associa- 
tion’s preliminary program. 


The 1987 meeting will be held in Chicago, IL, December 28-30. 
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TECHNOLOGY AND ECONOMIC POLICY 


Ralph Landau and Dale W. Jorgenson, Editors 

In this unique volume, distinguished contributors address the impact of tax and budget 
policies on investment, as well as on the pace of technological advance and economic 
expansion. Business leaders, economists, and policymakers analyze tax policies, reforms, 
and specific tax provisions that affect venture capital, the stock market, and business 
growth. These experts study the interrelationships among national budgets, deficits, 
international competitiveness, and economic growth. 

1986-376 pages— $34.95, cloth—0-88730-068-5—$16.95, paper—0-88730-069-3 


ALLOCATION MODELS 
Specification, Estimation, and Applications 
Ronald Bewley 


IC? Book 
| analysis of the empirical and theoretical problems inherent in asset and 
sumer demand systems. Bewley tackles the problems faced by economists who study 
the distribution of parts from such diverse aggregates as world exports and household 
expenditures. Researchers on económetrics and applied economics will benefit from 
Bewley’s comprehensive examination of modeling theory. 
1986—376 pages—$29.95, cloth—0-88730-077-4 


COMMERCIAL BANKS AMID 
THE FINANCIAL REVOLUTION 


Developing a Competitive Strategy 
Eduard Ballarin 


For the first time the principles of industrial economics and strategic management are 
used to examine the struggle of commercial banks caught in a rapidly changing financial 
services industry. Financial executives and scholars will benefit from this incisive study 
that covers the origins of this financial upheaval, its current economic trends, and state- 
of-the-art techniques banks have developed to cope with the new competitive challenges. 
1986—-272 pages—$29.95, cloth—0-88730-081-2 











C YES! Please send me: a 
—-— TECHNOLOGY ...(6610331} $34.95, cloth My state sales tax $ | 
—— TECHNOLOGY ...(6610349} $16.95, paper _ Postage/handling {$1.50/bk)" $ 

—— ALLOCATION MODELS (6610414) $29.95 *Prepaid orders are postage free! | 
—— COMMERCIAL BANKS ...{(6610448} $29.95 TOTAL $_ Sg 
O Payment enclosed O Billme Charge my O MC OVISA O AMX m 
Card no. Exp. date_______ prices subject to 

change. Alt orders 


Signature subject to credit 


aa aal BALLINGER 


by phone, tell the 











ti 
i order code is. Harper e) Row 
Zip AAER686 rder Department 





2350 Virginia Avenue, Hagerstown, MD21740 


Sam §— (800) 638-3030 


TERE 
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New from the 


National Bureau 
of Economic Research 





Studies in State and Local Public Finance 
Edited by Harvey S. Rosen 


These six papers and accompanying commentaries close a 
significant gap in research on public finance. Sharing an 
empirical orientation and a concern with policy issues, they 
range in subject matter from the role of tax exempt bonds in 
local public finance to the effects of various tax systems. 
Cloth $33.00 248 pages 46 tables; 9 figures 

An NBER Project Report 


Financing Corporate Capital Formation 
Edited by Benjamin M. Friedman 


In clear and nontechnical terms, six leading economists pro- 
vide valuable information for economists and nonspecialists 
interested in such questions as why interest rates are so 
high, why corporate debt has accelerated in recent years, 
and how government debt affects private financial markets. 
Cloth $19.95 138 pages 

An NBER Project Report 


The Black Youth Employment Crisis 
Edited by Richard B. Freeman and Harry J. Holzer 


In recent years, the earnings of young blacks have risen sub- 
stantially relative to those of young whites, but their rates of 
joblessness have also risen to crisis levels. These papers, 
drawing on groundbreaking research, analyze the history, 
causes, and features of this crisis. The findings they report 
and conclusions they reach revise accepted explanations of 
black youth unemployment. 

Cloth $46.00 (est.) 432 pages (est.) 

An NBER Project Report 


Now in paper 


Exchange Rates and 
international Macroeconomics 
Edited by Jacob A. Frenkel 


Thirty-two leading economists analyze the effects of real and 
monetary factors on exchange rates and outline. the kinds of 
behavior and institutional arrangements that can be incorpo- 
rated into such analyses. 

$19.95 392 pages 

An NBER Conference Report 











| The University of CHICAGO Press 
5801 South Ellis Avenue, Chicago, IL 60637 ] 
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Superfairness 
Applications and Theory 


New from MIT 
William J. Baumol 


Superfairness is a stunning display of applied and theoretical microeconomics, 
addressing the problem of how to analyze the fairness of the distribution of 
resources, product, income, and wealth arising from economic decisions. $20.00 


Natural Resources and the 


Macroeconomy 
edited by J. Peter Neary and Sweder van Wijnbergen 


These essays bring both theoretical models and case studies to bear on the conse- 
quences of natural resource discoveries in developed and developing ‘countries 


Social Choice and Multicriterion 
Decision Making 
Kenneth J. Arrow and Hervé Raynaud 


Drawing from the lessons of ordinal social choice theory, this book derives a 

variety of possible foundations for the industrial outranking problem, one of the 
major outstanding problems of current operations research and managerial 
decision-making. $15.00 


Perspectives on Safe and Sound Banking 


Past, Present, and Future 
George J. Benston, Robert A. Eisenbeis, Paul M. Horvitz, 
Edward J. Kane, and George G. Kaufman 


Five leading bank scholars explore the management of risk in American banking 
in an economic environment where the likelihood of failures of individual banks 
has significantly increased. Copublished with the American Banking Association 


The Social Foundations of =e 
Industrial Power 


A Comparison of France and Germany 


Marc Maurice, Francois Sellier, and Jean-Jacques Silvestre 
translated by Arthur Goldhammer 

The Social Foundations of Industrial Power challenges the theory of industrial 
convergence, which maintains that as societies become more modern, they 

develop increasingly similar industrial structures and industrial relations and 
“converge” to resemble a single model of the advanced industrial society. $35.00 


Indexing, Inflation, and Economic Policy 
Stanley Fischer 


Mainstream macroeconomics is under attack, professionally and in the popular 
press, as rarely before. In this collection of essays, Stanley Fischer shows that in 

fact mainstream macroeconomics can contribute scientifically and socially useful 
analyses of policy issues and controversies. $25.00 


THE MIT PRESS 28 Carleton Street, Cambridge, MA 02142 


Please mention Tne AMERICAN Economic Review When Writing to Advertisers 


$35.00 












The Invisible Link 


Japan’s Sogo Shosha and the Organization of Trade 


M. Y. Yoshino and Thomas B. Lifson - 


The Invisible Link presents a uniquely Japanese business that plays a key role in 
Japan’s economy. It covers virtually all aspects of sogo shosha operations, from 
finance to personnel, including the careful cultivation of information networks 
both inside and outside the trading company, and challenges that are emerging as 
the nation’s economy changes. $19.95 


General Equilibrium Trade Policy 
Modeling 
edited by T.N. Srinivasan and John Whalley 


“A vital book for economists and policymakers concerned with the general equi- 
librium effects of trade policy changes. By bringing together an impressive diver- 

sity of techniques and underlying assumptions, the editors have nicely synthesized 

the state of the art in this growing field.” — Keith E. Maskus, University of Colorado 


Restoring Europe's Prosperity $40.00 


Macroeconomic Papers from the Centre for European Policy Studies 


edited by Olivier Blanchard, Rudiger Dornbusch, and 
Richard Layard 


The papers in this first CEPS annual focus on the macroeconomic conditions and 
trends facing the European Communities and Western Europe both internally and 
internationally, the implications of the economic policies being pursued, and pos- 
sible alternative policies. $22.50 


The Political Economy of U.S. 


Import Policy 
Robert E. Baldwin 


“Robert Baldwin is the leading economic analyst of the political economy of 
protection. This book will be invaluable to all serious observers who want to 
understand the interaction of politicians, procedures, voters, and underlying eco- 
nomic forces in determining American trade policy.” ~ Anne O. Krueger, World 
Bank, and University of Minnesota $22.50 














Marketing Structure and 
Foreign Trade 


Increasing Returns, Imperfect Competition,and the International 
Economy 3 
Elhanan Helpman and Paul R. Krugman 

“A landmark book that we will each need in our library.” — Paul Samuelson 
Original in Paperback $22.50 


Strategic Trade Policy and the 


New International Economics 
edited by Paul Krugman 


These original essays bring the practical world of trade policy and govern- 
ment and business strategy together with-the world of academic trade the- 
ory. They focus in particular on the impact of changes in the international 
trade environment and on how new developments and theory can guide our 
trade policy. $12.50 paper (cloth $27.50) 
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Uncompromising statistics 


Mainframe statistical. packages are mostly used out of habit. 
Microcomputer statistical packages are used just because they are 
available. It’s time to pick a statistical environment because it 
suits your needs, whether it be on a micro or a mainframe. And 
it doesn’t have to cost a lot. 


Statistical Software Tools is an integrated, interactive 
environment for database management, data analysis, estimation 
and inference. Without compromises. Available now for MS- 
DOS, Unix and VAX/VMS computers. 


Enter data interactively or transfer files directly from other 
popular programs. Full data manipulation capabilities and a con- 
venient system file format. ' 


Tabulate data, Compute descriptive statistics. Regressions 
and regression diagnostics without hassle. Character plotting for 
all devices. Full graphics if you have a graphics card. 


Statistical procedures include ordered probit and logit, multi- 
nomial logit, maximum likelihood estimation for user-deñned 
problems, Econometric estimation including simultaneous equa- 
tions, Tobit models and random utility models. 


Fully programmable. User defined functions and macros. 
Procedures including control loops. And much more. 


Powerful computing for those who know how to use it. Yet 
easy to use with a simple command language. All clearly and 
thoroughly explained in a User’s Guide and Reference Manual. 


There is only one feature which is limited. The price. Only 
$100 for the IBM PC and compatibles. Requires 384K RAM. 
8087 numeric coprocessor recommended. Order from 
Dubin/Rivers Research, 1510 Ontario Avenue, Pasadena, Cali- 
fornia 91103. Or call (818)577-8361. 


Sst 


MS-DOS is a trademark of Microsoft Corp. Unix is a trademark of AT&T Bell Laboratories. 
VAX is a trademark of Digital Equipment Corp. IBM PC is a trademark of Intemational 
Business Machines Corp. 


JUST RELEASED! A Current and Comprehensive New Text on International Commerce 


INTERNATIONAL TRADE: SURVEYS OF THEORY AND POLICY 
Selections from the Handbook of International Economics 
Edited by Ronald W. Jones, Department of Economics, University of Rochester 


Written by leading scholars in the 


field, INTERNATIONAL TRADE: SUR- ‘eiettterational Economies > 


VEYS OF THEORY AND POLICY pre- 
sents advanced undergraduate and 
graduate students with a compre- 
hensive introduction to the positive 
and normative theories of interna- 


the first two and final two chapters 
of the highly-acclaimed HANDBOOK 
OF INTERNATIONAL ECONOMICS, 
Volume 1, to give students an up-to- 
date perspective on a wide range of 
topics that describe the “real side” 
of international trade. The text fea- 


tional trade. The text examines the 
important trade and commercial 
policy issues of both advanced and 
less developed trading regions, and 
compares regional differences. In - 
addition, the book looks at recent 
developments in the theory of trade 
patterns and price determination. 


INTERNATIONAL TRADE: SURVEYS 
OF THEORY AND POLICY combines 


INTERNATIONAL 
TRADE: 


SURVEYS OF THEORY 
AND POLICY 


tditor 
Ronald W, jones 


April 1986 
0-444-87950-1 Paper $29.75 


250 pages 


Send orders to: 


tures in-depth discussions of: + how 
policy changes affect the composi- 
tion of outputs, relative prices, trade 
flows, and domestic income ° the in- 
fluence that government and com- 
mercial policies have upon each 
other, and on welfare improvement 
e what kinds of trade protection 
measures have been used, and how 
they affect developing countries. 


Elsevier Science Publishing Co., Inc., P.O. Box 1663, Grand Central Station, New York, NY 10163-1663 


Price subject to change without notice. NY residents please add applicable sales tax. 


4/86 


NORTH-HOLLAND 


NHI8S 
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Public Enterprise 
Economics 

Theory and Application 

By DIETER BOS, institut für Gesellschafts- und 
Wirtschaftswissenschaften der Universitat 
Bonn, Bonn, West Germany 


ADVANCED TEXTBOOKS IN ECONOMICS, 
Volume 23 


1986 vi + 472 pages. US $32.50/Dfl. 110.00 
ISBN 0-444-87899-8 


This volume contains a clear, precisely written 
presentation of an important branch of the 
modern, microeconomically based theory of 
public finance, using only calculus. Answers 


_ are provided to some pertinent economic 


questions, such as the infiuence of rationed 
labour and energy markets on public pricing, 
and the influence of political models on 
denationalization. Great importance is 
attached to rate-of-return regulation, the 
peak-load problem, and the well known rules 
of public pricing (marginal-cost pricing, pricing 
under a revenue-cost restraint, and 
adjustments to monopolistic structures in the 
private economy), which are elucidated in the 
light of contemporary theory. The most 
important theoretical pricing ruies are 
empirically tested by using data on London 
Transport. 





Collected Works of Leif 
Johansen 


Edited by FINN R. FORSUND, Department of 
Economics, University of Osio, Norway 


1985 about 940 pages (In 2 volumes) 
Price (per volume): US $37.00/Dfl. 100.00 
Set Price: US $68.50/Dfl. 185.00 


ISBN: (Vol. 1) 0-444-87859-9; 
‘ol. 2) 0-444-87860-2 
Set ISBN: 7833-5 


These two volumes contain almost all of the 
late Professor Johansen’s contributions to 
economic science published in journals and 
Festschrifts. The articles are topically 
arranged, and an excellent overview is 
provided by one of Professor Johansen'’s last 
works in which he sums up his experience with 
macrosconomic multisectoral econometric 
models and economic pianning, putting 
several of his own contributions into 
perspective, as well as offering suggestions 
and viewpoints on possible and desired 
developments within this field. 





Production, Multi-Sectoral 
Growth and Planning 


Essays in Memory of Leif Johansen 


== Edited by FINN R. FORSUND and MICHAEL 





HOEL, Department of Economics, University of 
Oslo, Oslo, Norway, and SVEIN LONGVA, Centra! 
Bureau of Statistics of Norway, Oslo, Norway. 


CONTRIBUTIONS TO ECONOMIC ANALYSIS, 
Volume 154 


1985 xvi + 338 pages. US $51.75/Dfl. 140.00 
ISBN 0-444-87838-6 


Professòr Leif Johansen’s contributions to 
economic science are well documented in his 
articles and essays for economic journals, 
symposium volumes and Festschrifts, all of 
which are to be published by North-Holland. 
When initiating the idea of this collection, 
Professor Dale W. Jorgenson also suggested a 
memorial volume by associates and others 
that would include papers devoted to research 
topics directly inspired by Leif Johansen. In the 


_ Present volume this idea is realised. Three 


topics are covered: production theory, 
multisectoral growth models, and planning. 
The papers presented here were either under 
work at the time of Leif Johansen’s death or 
prepared especially for this volume. 





Rivalrous Consonance: A 
Theory of General 
Oligopolistic Equilibrium 


By ROBERT E. KUENNE, Princeton University, 
Princeton, NJ., U.S.A. 


CONTRIBUTIONS TO ECONOMIC ANALYSIS, 
Volume 157 


1986 xx + 174 pages. US $30.00/Dfi. 100.00 
ISBN 0-444-87937-4 


ELSEVIER SCIENCE PUBLISHERS 


The book is an attempt to construct 
frameworks for the analysis of oligopoly which 
combine both the rivalrous and cooperative 
elements in the market structure of mature 
oligopolistic industries. it provides an 
alternative approach to those of game theory 
and conjectural variation. Emphasized is the 
need for economic theory to move away from 
the search for universal theorems concerning 
oligopolistic behaviour, and develop a body of 
specific industry analyses using ‘simulative 
theorizing’. 


P.O. Box 211, 1000 AE Amsterdam, The Netherlands 


For customers in the U.S.A. and Canada: 
ELSEVIER SCIENCE PUBLISHING CO., INC. 
P.O. Box 1663, Grand Central Station, New York, N.Y. 10163 
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MICROCOMPUTING 


The Social Science Microcomputer Review is a new journal from Duke Uni- 
versity Press, allowing economists to keep current with such recent coverage as 


Econometrics software, models, and data services 

—Computer-assisted instruction for economics 

~— Statistical packages and statistical graphics 

—Decision support software and expert systems 

— Beginner tutorials; online data sources; and much more 

— Winter 1986-87 Symposium on Computing in Economics, edited by William 
P Yohe, Duke University, Associate Editor 


The National Collegiate Software Clearinghouse is a distribution system for 
low-cost IBM and Apple |! software, including l 


—IBM and Apple statpacks 

—Lotus™ multiple regression/forecasting ($20) 
~—dBASE IlI™ budgeting demonstrations ($20) 
—Oligopoly simulation ($20) 
—Benefit-Cost Analysis ($20) 

—-70 more inexpensive software programs 

—call about honoraria awards for software authors 


ScholarNet is a system of international online networks for scholars for exchange 
of data and manuscripts, online conferencing, electronic publishing, free software, 
and more. 


Cail or write for our free information package on these services 


NCSU Software 

National Collegiate Software Clearinghouse 

School of Humanities and Social Sciences, Box 8101 
North Carolina State University 

Raieigh, North Carolina 27695 
' (919) 737-3067 / 2468 


Teo 
For subscription information or sample issues of The Social Science 
Microcomputer Review, please contact 


SSMR, Duke University Press 
6697 College Station Durham, North Carolina 27708 
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THE ECONOMICS OF FISHERIES MANAGEMENT 


REVISED AND ENLARGED EDITION 
by Lee G. Anderson 


Ai standard work in fisheries management and resource economics, THE ECONOMICS OF 
FISHERIES MANAGEMENT now appears in an updated and expanded edition. Seventy-five 
percent of the material is new, including such topics as multipurpose fleets, different types of 
biological models for harvesting fish, fisheries development, recreational fisheries, and the 
share system of remuneration. There is extended discussion of the concept of user cost and of 
the various types of fishery regulations. Anderson has also provided additional material on 
developing and operating a fisheries management program. 


$29.95 


Published for the World Bank 


THE MYTH OF MARKET 
FAILURE 

Employment and the 
Labor Market in Mexico 


by Peter Gregory 


Taking issue with the prevailing 
perception that Mexican 
employment conditions have 
not improved over time, this 
study finds a steady and sub- 
stantial improvement in the 
earnings of workers at the bot- 
tom of the nonagricultural wage 
structure. 

Previous estimates of the under- 
utilization of labor may be not 
only grossly exaggerated but 
also misleading for the formula- 


tion of employment policy. The ` 


_ author uses new information to 
assess, the impact of the recent 
economic crisis on employment 
and to advance policy prescrip- 
tions for the future. 


$34.50 


AGRICULTURAL 
HOUSEHOLD MODELS 


Extensions, 
Applications, and 
Policy 


edited by Inderfit Singh, 
Lyn Squire, and John 
Strauss 


Assesses newly developed 
models that combine producer 
and consumer behavior and 
reports the results of some of the 
most recent and innovative 
empirical applications. ` 
Provides the first comparative 
analysis of the policy implica- 
tions of the approach for the 
welfare of farm households, 
marketed surplus, the demand 
for hired labor, budget revenues, 
and foreign exchange. 

$34.50 


JOHNS HOPKIN 


THE ENVIRONMENT, 
PUBLIC HEALTH, AND 
HUMAN ECOLOGY 


by James A. Lee 


Since 1971 the World Bank has 
used environmental criteria and 
guidelines in project planning 
and implementation. Drawing 
on the experience of the Bank 
and other development agen- 
cies, this book systematically 
reviews potential ecological and 
health problems in agriculture, 
industry, energy, transport, and 
other sectors. It outlines ways to 
avert costly and, perhaps, irrep- 
arable damage to the environ- 


ment and to people. 


$14.95 
THE 


UNIVERSITY PRESS 


701 West 40th Street, Suite 275, Baltimore, Maryland 21211 
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The Journal of International 
Economics and Economic 
Integration 


Solicits Papers to Compete for 
the Annual Daeyang Prize in Economics of 


and Welcomes Subscriptions by Interested Parties 


e The Journal of International Economics and Economic Inte- 
gration is published biannually by the Institute for International 
Economics, King Sejong University, Seoul, Korea. 

e The purpose of the Journal is to support and encourage re- 
search in the area of international trade, international finance 
and other related economic issues that include general pro- 
fessional interest in international economic affairs. 


e The Journal welcomes unsolicited manuscripts, which will be 
considered for publication by the Editorial Board. 

e The Editorial Board will choose around fourteen manuscripts 
for publication on an annual basis. 

e From papers selected for publication, the Prize committee will 
eer the best manuscript(s) to receive the $5,000 Daeyang 

rize. 

è The manuscripts should be accompanied by an abstract of no 
more than 100 words and a brief curriculum vitae containing 
the author’s academic career. All submissions should be type- 
written, double-spaced, in English with footnotes, references, 
figures, tables and any other illustrative material on separate 
sheets. 

è Three copies of the manuscript and all accompanying material 
should be submitted to the following address by October 31, 
1986 for consideration for 1987 publication. 

For subscriptions to the Journal ($20 per year for individuals, 
$30 per year for institutions), send a check or money order 
payable to King Sejong University to the following address. 


Institute for International Economics 
King Sejong University 
Seongdong-Ku, Seoul, Korea 
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A few enterprising individuals established the 
character of American business... 


The Vital Few, a study of the contribution 
entrepreneurs have made to the American 
economy, provides portraits of these busi- 
ness mavericks and offers insights into the 
qualities required of America’s super- 
achievers. For the expanded edition, 
Jonathan Hughes has added to his list of 
Eli Whitney, Henry Ford, and others two 
“bureaucratic entrepreneurs”— Mary 
Switzer and Marriner Eccles —whose 
Stories illuminate the nature of today’s busi- ao d 
ness environment. . i 


On the first edition: 
“A landmark in American intellectual history.”"— WE Rickenbacker, National Review 


“({Hughes’s] biographical chapters...are excellent. They show wide reading, careful 
research, a lively and curious mind.”—H.G.L. Aitken, American Economist 


Available at better bookstores or directly from: 
OXFORD PAPERBACKS ° Oxford University Press 
200 Madison Avenue * New York, NY 10016 $11.95 576pp. 





A New IMF Publication 


EXTERNAL DEBT MANAGEMENT 
Edited by Hassanali Mehran 





This volume of papers presented at a seminar organized by the IMF Institute and 
the Central Banking Department of the International Monetary Fund places external 
debt management in the context of broad economic and fiscal management. Drawing ` 
together contributions by commercial bankers, national debt managers, and: debt 
specialists from the Fund and the World Bank, it emphasizes the importance of . 
coordinating the management of external debt in individual countries with broad 
macroeconomic policymaking, particularly fiscal policy. 

A special feature of this volume, reflecting a perspective that is not often provided 
by such reviews of debt issues, is a section that combines reviews from 22 national 
debt managers of their debt management systems. 


Price: US$11.50 (cloth); $17.50 (hard cover) 


Available from: Publications Unit, Box E-252 @ International Monetary Fund 
700 19th Street, N.W. @ Washington, D.C. 20431, U.S.A. 
Telephone: (202) 623-7430 


Please mention Tue AMERICAN Economic Review Wien Writing to Advertisers 


New from Cambridge 


Corporate Capital Investment 
A Behavioural Approach 
Philip Bromiley 

This book studies the impact of corporate planning and implementation procedures on the level 
of corporate capital investment. Working in the behavioral economics tradition, it is one of the 
few studies that uses direct examination of corporate decision processes to address a traditional 
economic variable and produces a new and different conception of the determinants of corporate 


investment. 
About $37.50 


Consumer Sovereignty and Human Interests 
G. Peter Penz 


Consumer sovereignty is a central normative principle in contemporary assessments of 
economics policies and systems. However, consumer sovereignty relies on too subjectivist a 
conception of interests of individuals to be suitable for the evaluation of economic institutions. 
After considering various alternatives, a basic-needs approach is proposed and its use in 
economic evaluation illustrated. 

About $34.50 


The Theory of Externalities, Public Goods and Club Goods 
Richard Cornes and Todd Sandler 


This book presents a theoretical treatment of externalities (i.e., uncompensated interdepen- 
dencies), public goods, and club goods. Application, theory, and policy aspects of public 
expenditure analysis are presented, as are useful, new graphical tools. The book includes these 
topics: Nash equilibria, Lindahl equilibria, club theory, preference-revelation mechanism, Coase 
theorem, externalities, and game theory. 

Cloth $34.50 Paper $12.95 


The Reason of Rules 
Constitutional Political Economy 
Geoffrey Brennan and James Buchanan 

This book is a study of constitutional political economies; the authors examine how rules 
for political order work, how such rules might be chosen, and how normative criteria for such 
choices might be established. The objective of the authors is to understand the workings of 
alternative political institutions, so that choices among such institutions (rules) might be more 
fully informed. 
$34.50 


The Foundations of Social Choice Theory 
Editors: Jon Elster and Aanund Hylland 


A new examination of the philosophical foundations of social choice theory, a modern and 
sophisticated outgrowth of welfare economics. This volume challenges the conclusion reached 
by Kenneth Arrow in his impossibility theorem, that it is impossible for democracy, as a procedure, 
to make collective decisions. Criticisms of social choice theory are advanced and alternatives are 
developed. 

Contributors include: Brian Barry, Donald Davidson, Jon Elster, Allan Gibbard, Robert E. 
Goodin, Aanund Hylland, John E. Roemer, and Amartya Sen. 
Studies in Rationality and Social Change 
$32.50 
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New from Cambridge 


Analytical Studies in Transprt Economics 
Andrew F Daughety, Editor 


Written by leading scholars in the field, this volume presents up-to-date research in transport 
economics, covering intercity freight and air passenger transport. The eight papers included use 
a range of modelling approaches and are concerned with the analysis of current issues; industry 
oa optimal pricing, one prediction of equilibrium, and problems of competition. 

44.50 


The Theory of Public Utility Pricing 
Stephen Brown and David Sibley 

The main subject of this book is the policy to be followed by a regulated monopoly, but the 
analysis is broadened to take account of fringe of competitive suppliers. In the United States, the 
analysis is most relevant to electric utilities and local telephone companies. 

The authors give a unified and simplified exposition of the modern theory of efficient pricing 
not available elsewhere and supplement it with numerical simulation comparing Fully Distributed 
Cost Pricing, Ramsey Pricing, and Optimal Non-uniform Pricing. 

Cloth $34.50 Paper $12.95 


Analyzing Redistribution Policies 
A Study Using Australian Data 
Nanak Kakwani 


This book explores the area of income distribution and welfare. It develops appropriate tech- 
niques to analyze the extent and nature of income inequality and welfare and to measure the 
direct impact of taxes and government cash transfers on the distribution of income by size of 
income and other household characteristics. It reaches its conclusions through an analysis of the 
Australian data.obtained from the 1975-6 Household Expenditure Survey. 

About $44.50 


Efficiency Wage Models of the Labor Market 
Editors: George Akerlof and Janet Yellen 

Since the demise of Keynesian dominance, almost none of the new theories are capable of 
explaining unemployment, and in particular, its cyclical variation. This book explores the reasons 
why there are labor market equilibria with employers preferring to pay wages in excess of the 
market clearing wage, and hence explains involuntary unemployment. 
Cloth about $29.95 Paper about $9.95 


Now in paperback... 
Rational Behavior and Bargaining Equilibrium in Games 


and Social Situations 
John C. Harsanyi 

This book outlines a general theory of rational behavior by an isolated individual and in a social 
setting. It summarizes the main results of modern decision theory, describes the author's own 
theory of social welfare functions (which is a modern version of classical utilitarian theory), and 
proposes solutions for various game classes. The main emphasis is on developing a theory of 
rational behavior in game situations. 
Paper $14.95 








At bookstores or from 


CAMBRIDGE UNIVERSITY PRESS 


32 East 57th Street, New York, NY 10022 - 


800-431-1580 (outside New York State and Canada) 
MasterCard and Visa accepted 


Please mention Tue AMERICAN Economic Review When Writing to Advertisers 


xiii 








aan : This mono ograph € explores the foundations of 
Comm od iti es an d welfare agamo — in particular the 
HHH assessment of personal well-being and 
Capabi ] iti es . advantage. Arguments are presented against 


the usual concentration on ‘utility’ (as in 


By AMARTYA SEN, All Souls College, traditional welfare economics) and on 

=Æ Oxford, U.K. ‘opulence’ (as in ‘real income’ estimations and 
LECTURES IN ECONOMICS, Theory other normative measurements). An alternative 
institutions, Policy. Volume 7 d framework is developed for the analysis of 


personai well-being based on assessing 
1985. xii + 130 pages. US $35.25/D11. 95.00.  ‘functionings' and the ‘capability to function’ 
ISBN 0-444-87730-4 — i.e. what a person can do or can be. 


H H In this book, the central themes are energy 
Ene rgy and Ti me in the and time: all processes in society have to run 
H H at finite rates and this leads necessarily to 
Economic and Physical losses of high quality energy. Economics 
recognizes the value of energy as a cost factor 


S c l e n ces of production. The major question is whether 
or not the long term aspects of exhausting 





Papers and Comments non-renewable energy resources is adequately 
Workshop, Wolfheze, The Netherlands, taken care of by the economic decision 
June 1984 procedures. 


In this book, the problem is roached from 
Fateg o N AN GOOL, State Ar sity many directions 2a it shoúld bo! in an 
BRUGGINK, Energy Study Centre, ECN interdisciplinary activity. 
Petten, The Netherlands with the 
cooperation of J.A. OVER, ECS Petten, The 
Netherlands and J.L. SWEENEY , EMF 
Stanford, U.S.A. 








= 1985 xvi +386 pages US $59.25/Dfl. 160.00 
= ISBN 0-444-87748-7 
= 
= sn H This first volume in the series surveys methods 
= Claims Reservi ng of analysis of ponte insurance oe data 
= s A and projection of outstanding claims. The 
= in Non-Life majority of methodology dovatopad ae the 
= ast decade is described and assessed in 
= Insurance detail. 
= Chapters 1 to 6 discuss the state of the art and 
= By G.C. TAYLOR, E.S. Knight & Co. various generalities of the background to 
= P claims reserving, arguing the case for 
== Research Centre, E.S. Knight & Co., stochastic models 
== Consulting Actuaries Sydney, Chapters 7 to 10 provide details of the various 
N.S.W., Australia claims reserving techniques. 
The last part discusses a number of matters 
INSURANCE SERIES, Volume 1 which, while not specific to any particular 


method of estimating outstanding claims, 
1985. xil+224 pages. US $55.50/Dfl. 150.00 nevertheless form part of the backdrop against 





ISBN 0-444-87846-7 which decisions as to the estimates of 
outstandings.to be adopted must be made. 
ni This book takes a retrospective look at growth 
Post-War Econ om IG during the post-war epoch and also dwells H 
Bms the question of to what extent neo-classical 
G rowth Revisited " growth theory helps one to understand and 
interpret what has occurred, and how future 
by G. BOMBACH, /nstitut für Angewandte g 
Wirtschaftsforschung, Universitat Basel prospects appear. 
LECTURES IN ECONOMICS: Theory, CONTENTS: Preface. Chapters. 1: Growth and 
Anti-Growth. 2: Alternative Explanations of the 
institutions, Policy, Volume 6 Changing Growth Performance. 3: The Productivity 
1985 vill + 148 pages (Paperback) Puzzle and Conclusions. Summary and Conclusions. 


US $29.75/Dfl. 80.00 ISBN 0-444-87729-0 Bibliography. Statistical Index. 


ELSEVIER SCIENCE PUBLISHERS 
P.O. Box 211, 1000 AE Amsterdam, The Netherlands 


For customers in the U.S.A. and Canada: 
ELSEVIER SCIENCE PUBLISHING CO., INC. 
P.O. Box 1663, Grand Central Station, New York, N.Y. 10163 = 
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SPREADSHEET STATISTICAL/FORECASTING 


PROGRAM 


™ 
y S TAT for Your IBM Personal Computer 


WORKS LIKE LOTUS’ 1-2-3, WITH FEATURES LIKE SAS 





© ySTAT is the only full-fledged Bpreadshest stati- 
atical OEOgraMS a fast, powerful, easy-to-use 
stand-alone program. 


o Menu-driven format as in Lotus 1-2-3 - offers 
many functions that are not available even in 1- 
2=3, such as vector formulas, lagged variables, 
dummy variables, and row-column transposition, 


o You cam read, enter, edit, copy, move, and sort 
the data as well as group and partition the data 
for analysis right on the spreadsheet. A total of 
40 function keys for one-keystroke operations, 


o Ten statistical fano! 

seans; subtract variable means or seasonal means; 
standardize the data; aggregate seasonal data; 
generate seasonal indicators; perform moving 
averages, linear trend forecasts, and so on. An 
operation can be applied globally or locally. 


Automatic reeording feature for programming macro 
keys, which with one keystroke, will replicate an 
entire sequence of analyses. You can save macros 
for future uses. 


Verifiable data: newly created and transformed 
data are immediately displayed. 


yprar reads Lotus’ files and any free-format or 
ed-format textfile generated by' other PC pro- 
rams or mainframe. Each record can have up to 
68 variables. The data can be numeric, alphabe~ 
tic, or a hybrid, including missing values. 


o No disk swapping: ySTAT is compactly written - 
the entire pogran Yesides on one disk, 


No output is too large: a large analysis output 
that will not fit on the screen can be scrolled 
sideways, up, or down. With one keystroke, the 
output can be printed or saved as one piece. 


STATISTICAL PROCEDURES 


o statistios: minimum, maximum, sum, mean, 
Seema’, deviation, t-test, sum of squares, etc. 


o Frequency distribution: frequency, cumulative 
frequency, percentage and cumulative percentage. 


o Correlation: a matrix of correlation coefficients 
of all variables or selected variables. 


o Crosstab: milti-way crosstabulation, includi 
row percent, column percent, total percent an 
expected counts under the assumption of indepen~ 
dence and the corresponding chi-square. 


o Analysis of variance: one-way and two-way ANOVA 
including F-test for interaction effect. 


tion keys: to tally sums and ‘ 


o Multiple regression (OLS): up to 60 independent 
variables for 384K memory or more. Residuals are 
added. to the spreadsheet for diagnostic analyses 
and plots. 


o Two-stage least squares (2LS): for simultaneous 
equations and instrumental variable estimation. 


o Weighted least squares (WLS). 


o Pooling of cross-section and time-series data: 
regression analysis for deciding on whether or 
not to pool and to estimate the pooled regres- 
Sionswithdifferent degrees of pooling. 


o Cochrane-Orcutt method: an iterative method that 
includes the first observation in the estimation. 


o Two-sample Difference of seans test: by assuming 
equal variances as well as unequal variances. 


o Nonparametric tests: the Kolmogoroy-Smirnoy test, 

the Wald-Wolfowitz runs test, the Mann-Whitney or 
Wilcoxon test, and the Wilcoxon matched- pairs 
signed-ranks test. Takes into consideration ties. 


o Spearman's correlation and Kendall's correlation, 
Takes into consideration ties. 


o Plots: standard plot, residual 
paired plot, and X-Y scatter plo 


SPREADSHEET FORECASTING: Regression, exponential 
smoothing, and stochastic time-series methods to 
forecast and simulate nonseasonal time series and 
seasonal time series right on the spreadsheet. 


o Time-series models: autoregressive model AR(p) 
moving average model MA(q) and Box-Jenkins model 
ARIM Pade) +» with autocorrelation and partial 

autocorrelation of residuals. 


o Nonseasonal forecasts: linear trend, quadratic 
trend, pol nomial model, sinusoidal model, expo~ 
nential an 


plot, time plot, 


double exponential gmoothings. 


o Seasonal forecasts: general exponential smoothing 
with seasonal indicators or trigonometric func- 
tions; Winter's additive and multiplicative pro- 
cedures. 


SYSTEM REQUIREMENTS: IBM Personal Computer (PC, XT, 
AT) or compatibles; 1 floppy disk or a hard disk 
DOS 2,0 or 3.0 and 256K memory; with or without 

an 8087/802 7 math co-processor chip. 


PRICE: $395, Including one free update. 


OUR GUARANTY: if you should find another statis- 
tical program easier to use than ySTAT, you may 
return 2 T for a.refund within 60 days from the 
date of purchase. 





MING TELECOMPUTING INC. 





23 Oak Meadow Road, P.0. Box 101, 


Please send: ( 


Telecommunications and Statistics for Microcomputers 
Lincoln Center, 





MA 01773, U.S.A. (617) 259-0391 


) ySTAT Package for $395. (Massachusetts residents: please add 5% sales tax.) 


{ ) ySTAT Trial Disk and information/sample output for. $5. 


( ) ySTAT information/sample output. 


System: ( ) IBM PC. ( ) IBM XT. ( 


) IBM AT. 


( ) with 8087 or 80287 math co-processor. 


) a check 1s enclosed. 
) Visa. ( ) MasterCard. 


Payment: ( 


m~m 


Name 





Address 


Credit Card # 
) a university or governmental agency purchase order enclosed, 





Signature (1f charged) 


( ) other 
Memory 








Expiration Date: oo / 











Telephone: ( 


ae ee eA 


TSH is a registered teodonark of Internetfonst Business Machines Corp.;s 1-2-3 of Lotus, SAS of SAS Instituto 
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ECONOMETRIC SOFTWARE FROM TSP 


For mainframes (IBM, DEC, etc.) 

TSP 4.0: a greatly enhanced version of the Time Series Processor, in use 
at over 800 sites worldwide. TSP is a complete programming language for 
econometrics. An interactive version for DEC/Vax is now available. 

Coming soon: Version 4.1, with Probit, Tobit, MN Logit, sample selection, 
faster and more accurate nonlinear estimation, and many other improvements to 
the program. 


RATS: a complete package for vector autoregressive models of time series. 


For micros (IBM PC and compatibles) 
PSA: a low cost econometric package, with no limits on data storage. 
Coming soon: a complete implementation of TSP 4.1 on IBM PC (512K). 


For more info, write or call (415) 326-1927 
TSP International e PO Box 61015 + Palo Alto, CA 94306 



















Jos Opewnes For Economists 


Available only to AEA members and institutions that agree to list their openings. 
Annual Subscription Rates 


U.S.A., Canada, and Mexico (first class): $15.00, regular AEA members and institutions 
$ 7.50, junior members of AEA 

All other countries (air mail): $22.50, regular AEA members and institutions 
$15.00, junior members of AEA © 

Please begin my issues with: 

(0 February CI April ( June (CO August (J October C] December 


Nome 2 
First Middie Last 


Address 











City State/Country Zip/PostalCode 

Check one: 

C | am a member of the American Economic Association. 

C 1 would like to become a member. My application and payment are enclosed. 
C (For institutions) We agree to list our vacancies in JOE. 


Send payment (U.S. currency only) to: 
THE AMERICAN ECONOMIC ASSOCIATION 

1313 21st Avenue South 
Nashville, Tennessee 37212 
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Written by 





experts. 


Read by experts. 





New—from the ECONOMIC 
THEORY, ECONOMETRICS, 
AND MATHAMATICAL 
ECONOMICS Series 


Seasonality in 


Regression 
Svend Hylleberg 


Here is a thorough examination of the problems of 
seasonality in econometric regression models. This 
new book describes procedures available to econo- 
metricians in their handling of regression models 
with seasonal data — procedures that may be ap- 
plied successfully to real-world econometric models. 


April 1986, 288 pp. 
$64,50/ISBN: 0-12-363455-5 


A complete study of women 
in the work force... 


The Second 
Paycheck 

A Socioeconomic Analysis 

of Earnings 

Alice Nakamura and Masao Nakamura 


“The Second Paycheck. ..is a gold mine of em- 
pirical evidence on the dynamic labor supply of 
men and women. It is the most comprehensive 
study of this topic.’ 


—from the foreword by James J. Heckman 


A Volume in the 
STUDIES IN LABOR ECONOMICS Series 


| U.S. Customers; Payment will be refunded for titles when 


l ject to change without notice 


Macroeconomics: 
An Introduction to 
the Non-Walrasian 
Approach 


Jean-Pascal Benassy 

This volume provides an introduction to the non- 
Walrasian. method, and shows that its concepts can 
be applied to standard topics of macroeconomics — 
thus bridging the gap between traditional macro- 
economics and modern non-Walrasian theories. 

In Paperback—May 1986, 272 pp. 

$26.95/ISBN: 0-12-086426-6 

May 1986, 272 pp. 

$49.50/ISBN: 0-12-086425-8 — Casebound 


ACADEMIC 
PRESS, INC. 


Harcourt Brace Jovanovich, Publishers 
Orlando San Diego New York Austin Boston 
London Sydney Tokyo ‘Toronto 


849.50 


i ACADEMIC PRESS, INC. 1 
Harcourt Brace Jovanovich, Publishers 
Attn: Marketing Dept., Orlando, FL 32887-0017 
l Please rush me a copy of: 
l O (363455-5) Hylleberg Benassy 
] $64.50 O (086426-6) Paperback 
I O (513820-2) Nakamura $26.95 
l $42.00 | © (086425-8) Casebound 
l 


O Please cheek if you are an Academic Press or Grune 
& Stratton author 


SAVE: Prepay or use your credit 


handling. 
shipment is not possible within 120 days. Prices are sub- Please check one box: 
O Payment Enclosed 

















l 
l 
l 
l 
I 
I 
I 
card and we pay postage and I 
|] 
l 
I 
l 
| 
I 
I 





1985, 509 pp. | 7 (add applicable sates tax) 
$42.00/ISBN: 0-12-513820-2 pen ers D American Express D Diners Club 
i O MasterCard D Visa 
I Address Charge Card # 
800-321-5068 OES 
Expiration Da! 
Florida, Hawaii, or Alaska call 1-305-345-4100 | signatwe Poe S oo 
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HMDS OF 
ACOMNOMMUG ARTICLLOS 


prepared under the auspices of 


The Journal of Economic Literature 
of the 
American Economic Association 


y Each volume in the Index lists articles in major economic 
journals and in collective volumes published during a 
specific year. 


y Most of the Index’s volumes also include articles of testimony 
from selected congressional hearings in government 
documents published during the year. 


y No other single reference source covers as many articles 
classified in economic categories as the Index. 


VY The 1977 volume contains over 10,500 entries. 


Currently available are: 


Volume Year Covered an 
XI 1969 sge 

yi Ior indispensable 

XU 1971 tool for... 
aa 1972 ECONOMISTS 
XV 1973 
XVI 1974 
XVII 1975 
XVII 1976 
XIX 1977 
XX 1978 
XXI 1979 
XXII 1980 


Future volumes will be published regularly 
to keep the series as current as possible. 


REFERENCE LIBRARIANS 
` RESEARCHERS 
TEACHERS 


STUDENTS 
AUTHORS 





Price: $50.00 per volume (special 30% discount to 
Distributed by AEA members) 


RICHARD D. IRWIN, ING." Nes 





a ry 
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AEA sponsored 
Group Life Insurance 
for you and your family— 
at attractive rates! 


The AEA Group Life Insurance Plan can help provide 
valuable supplementary protection—at attractive rates—for 
eligible members and their dependents. 

Because AEA participates in a large Insurance Trust 
which includes other scientific and technical organizations, the 
low cost may be even further reduced by premium credits. In 
the past nine years, insured members received credits on 
their April 1 semiannual payment notices averaging over 40% 
of their annual premium contributions. (These credits are based 
on the amount paid during the previous policy year ending 
September 30.) Of course future premium credits, and their 
amounts, cannot be promised or guaranteed. 

Now may be a good time for you to re-evaluate your 
present coverage and look into AEA Life Insurance. Just fill out 
and return the coupon for more details at no obligation. 


Administrator, AEA Group Insurance Program H-4 
1255 23rd Street, N.W. ji 
Washington, D.C. 20037 

Please send me more information about the AEA Life Insurance Pian. 


Name Age 





Address 





City State. Zip 





pP ee ee ne e e eee ee es De SRG 
Go se mm m von SD oe EK Se meee a all 


Or—call today Toll-Free 800-424-9883 
(Washington, DC area, call 296-8030) 
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AMERICAN ECONOMIC ASSOCIATION | 
1986 ANNUAL MEMBERSHIP RATES 


Membership includes: 


—a subscription to both The American Economic Review (quarterly) plus Papers and Pro- 
ceedings and the Journal of Economic Literature (quarterly). 


© Regular members with annual in- Student status must be certified by 
comes of $30,000 or less your major professor or school 


; 7 . registrar 
@ Regular members with annual in- 


comes above $30,000 but no more In Countries other than the U.S.A., 
than $40,000 Add $12.00 to cover postage. 


@ Regular members with annual in- Family members (persons living at 

comes above $40,000 $ the same address as a regular mem- 

ber, additional memberships without 

@ Junior members (available to regis- subscription to the publications of 
tered students for three years only). the Association) 


Please begin my issues with: 
O March O June ; O September O December 


(Includes Papers 
and Proceedings) 


First Name and initial Last Name 


Address Line 1 MAJOR FIELDS (TWO ONLY) 


ust FIELDS WITH WHICH 

YOU CURRENTLY IDENTIFY. 

SELECT FIELD aes {ROM JEL, 
Address Line 2 ; Minar cag ion Syste 


onanan i A 


State or Country Zip/Postal Code 


Please type or print information above; Please pay us either with a check or money 
order payable in United States Dollars. Canadian and foreign payments must be in the 
form of a draft or check drawn on a United States bank payable in United States Dol- 
lars. Please note: It is the policy of the Association, not to refund membership payments. 


Endorsed by (AEA member} === 


Below for Junior Members Only 


| certify that the person named above is enrolled as a student at 


Authorized Signature 


PLEASE SEND WITH PAYMENT TO: 


AMERICAN ECONOMIC ASSOCIATION 
1313 21ST AVENUE SOUTH, SUITE 809 
NASHVILLE, TENNESSEE 37212-2786 
U.S.A. 
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The 
Economics Institute 


Boulder, Colorado 


@ PREPARATION FOR MASTERS AND DOCTORAL DEGREE 
PROGRAMS IN ECONOMICS, BUSINESS, AND 
ADMINISTRATION. 


@ POSTGRADUATE DIPLOMA PROGRAMS IN RELATED 
SPECIALIZATIONS. 


@ AN ESTABLISHED REPUTATION FOR ACADEMIC EXCELLENCE. 


25 years of specialized service in 
international education. 


Sponsored by the Amencon For further information write: 
Economic Association 
The Director 


Economics Institute 
Campus Box 259 
University of Colorado 
Boulder. Colorado 80309 
(303) 492-7337 

Telex: 45-0385 
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SWE 


The Committee on the Status of Women in the Economics Profession 





CSWEP, an arm of the American Economic Association, publishes a thrice-yearly 
newsletter to let you know all the news - good or bad - about women in the economics 
profession. 


The newsletter carries items about: 


research on sex role issues 
new publications 
hiring (or non-hiring) of women economists 
conferences for or about women 


what other professional women’s groups are doing to 
further women’s interests in their disciplines 


developments in government and industry 


CSWEP speaks up on behalf of women economists in hiring, research and governmental 
policies. 


CSWEP represents women’s point of view in the committee work of the American 
Economic Association. It makes an annual report to AEA on the status of women 
economists. 


CSWEP is a presence at annual meetings of the AEA and of the regional economics 
associations. It sponsors sessions at these meetings, where research by and about women 
can get an audience. 


CSWEP publishes a ROSTER OF WOMEN ECONOMISTS for purposes of 
communication and job placement. Dues-paying members receive the latest roster, 
which lists women economists by and where they teach or work, by their specialty in 
economics, and by city, as well as alphabetically. 


CSWEP is the voice of women economists when coalitions of professional women join 





To become a dues-paying member of CSWEP 
send this with a check for $15 (tax deductible) made out to CSWEP to: 


CSWER, c/o Joan G. Haworth 
4901 Tower Court, Tallahassee, Fla. 32303 


NAME 
MAILING ADDRESS 


CITY, STATE, ZIP 
Check here if currently an AEA member 0O 
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Computer Access to Articles in the JEL Subject Index 


On-line computer access to the JEL and Index of Economic Articles data 
base of journal articles is currently available through DIALOG Information 
Retrieval Service. DIALOG file 139 (Economic Literature Index) contains 


complete bibliographic citations to articles from some 260 journals listed in 


the quarterly JEL issues from 1969 through the current issue. The abstracts 


in JEL since June 1984 are also available as part of the full bibliographic 
record. The file may be searched using free-text searching techniques or 
author, journal, title, geographic area, date, and other descriptors, includ- 
ing ae codes based on the Index’s four-digit subject classification 


numbers. 


DIALOG offers a variety of contract choices, including the option to pay 
for only what you use—no minimum, no initiation or start-up fee. Most uni- 
versity libraries already subscribe to DIALOG. For information on the 


DIALOG service, contact your librarian or write to or call: 


DIALOG Information Services, Inc., Marketing Department, 3460 Hill- 
view Avenue, Palo Alto, California 94304 (800/227-1927 or 800/982-5838, in 


California, or 415/858-3785). 
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Economics Institute 
1030 13th Street 
Boulder, Colorado 80302 U.S.A. 


GUIDE TO GRADUATE STUDY IN ECONOMICS, 
AGRICULTURAL ECONOMICS, AND DOCTORAL 
DEGREES IN BUSINESS AND ADMINISTRATION 


in the United States of America and Canada, 7th edition, 544 pages 
edited by Wyn F. Owen and Larry R. Cross 


Published by the Economics Institute—a nonprofit educational corporation 
sponsored by the American Economic Association and endorsed by the American 
Agricultural Economics Association. 


The GUIDE is an indispensable reference book for prospective graduate students— 
both domestic and foreign—and their advisors and sponsors. Comparative analyses 
of the programs are given. Over three hundred individual programs are described. 


ORDER FORM 


Economics Institute 
Publications Center 

1030 13th Street 

Boulder, Colorado 80302 U.S.A. 


Please send me ________copy(ies) of the GUIDE at $33.00 per copy. For foreign 
orders, please enclose an additional $3.00 for shipping and handling. 


I enclose $_______. (check or international money order) 
Please bill me $ 
Charge $..._____ to my _____ Mastercard, Visa, or 


——— American Express Number 





Expires ________ Authorized Signature 
For faster service on credit card orders only, call 303-492-8417 ext. 23. 





Name Title 
Address 











City State 











Zip Code Country. 
(plus four) 
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New from the Consortium of Social Science Associations.... 


The first comprehensive 


Guide to Federal Funding 
for Social Scientists 


Prepared by the Consortium of Social Science Associations (COSSA), a Washington 
advocacy group serving the major professional societies in the social and behavioral 
sciences. Susan D. Quarles, editor. 


The federal government is a major supporter of research in the social and behavioral 
sciences, but until now, no single, multidisciplinary directory has been available to guide 
researchers through the complexities of government funding in these fields. 


COSSA’s inclusive new Guide to Federal Funding describes over 300 federal programs in 
impressive detail, including funding priorities, application guidelines, and examples of 
funded research. Introductory essays describe the organization of social science funding 
and offer inside views of federal funding practices and contract research. 


For anyone who needs to know the ins-and-outs of government funding in the social 
sciences and related fields, COSSA’s Guide will be an essential new resource. 


Published by the Russell Sage Foundation 
Available inJune 512 pages ISBN 0-87154-699-X Paperback 


Mail orders to: Enclosed is a check, money order, or purchase 
Consortium of Social Science order in the amount of $ . Publisher 
Associations pays postage on prepaid orders; New York 
1200 Seventeenth St., NW, Suite 520 residents, please add sales tax. 
Washington, D.C. 20036 ` : ‘ 
Orders will be filled when books are available, 
in June. Please allow 3-4 weeks for delivery. ; 
Please send copies of COSSA’s Guide Name (please print) 
fo Federal Funding for Social Scientists . 
(81-0699X) at the following price: Address 
O $24.95 (for libraries and institutions) 
O $14.95 (special price for 
members of AEA) 
C $19.95 (for other individuals) 
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The First Family 
of Forecasting 


| pnanciat yoo I 


ECONOMICA, Inc., the pioneer of PC-based 
forecasting, specializes in software for economists, 
managers, and planners. We've combined the 
speed and convenience of personal computing with 
the accuracy of advanced economic modeling to put 
the future at your fingertips. 


No Delays, No Hidden Fees 


Because ECONOMICA software operates on your 
own IBM® PC, PC/XT,™ PC AT,™ or any other 
MS-DOS™ system, we've eliminated the delays, 
constraints and hidden costs of mainframe services. 
You can generate forecasts as often as you like, for 
as many variables as you need. And you can cus- 
tomize the equations and alter the assumptions with 
just a few keystrokes. 


Fully Integrated Software 


ECONOMICA offers a fully integrated software 
family. This allows you to move data from one pro- 
gram to another without redundant keystroking or 
tedious programming. And all ECONOMICA pro- 
grams present a variety of format options—from 
simple spreadsheets to elaborate graphics. 


From the Makers of FAIRMODEL 


To satisfy all your forecasting needs, ECONOM- 


ICA announces the addition of two software pro- 
grams to its product line, both compatible with our 
acclaimed FAIRMODEL package for macroeconomic 
forecasting. 


IBM is a registered trademark and PC/XT, and PC AT are 
trademarks of International Business Machines Corp. 
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- ESP®-The Econometric 
Software Package" 
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graphics and data management. With ESP, you 
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use a mainframe, again. 


GAUSS, comes with programs written in ‘its matrix pro- 
grammiing language that allow you fo do most econometric 
procedures, including OLS, 2SLS; 3SLS, PROBIT, LOGIT, 
MAXIMUM LIKELIHOOD, and NON-LINEAR LEAST SQUARES. 


In the current version, GAUSS will accept 
up to 90 variabies in a regression. There is 
no limit on the number of observations. 


.GAUSS will do a regression with 10 
independent variables and 800 observa- 
tions in under 4 seconds — and with 50 
variables and 10,000 observations in 
under 18 minutes. It. will compute the 
maximum likelihood estimates of a binary 
logit model, with 10 variables and 1,000 
observations, in 1-2 minutes, depending 
upon the number of iterations required. 


‘ GAUSS allows you to do complicated 


~. | statistical procedures that you would never 
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imagine trying on a mainframe. It is easy 
to program almost any routine, and GAUSS 
ig so fast that it can do almost any job. But 


the nicest thing of all is that the cost of time on your 


personal computer is essentially zero! 


“| With:30 Day Money 
‘Back Guarantee 





` T DS/DD disk drive, DOS 2.0 (or above). 
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GAUSS is an excellent teaching tool. it makes programming 
easy and allows students to focus on = andtechniques. 


If you can write it mathematically, you canwrite itin GAUSS. 
Furthermore, you can write it in GAUSS almost exactly the 
way you would write it mathematically. 


GAUSS j is 10-15 times faster than other programs that use 
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advantage of all of the conveniences of a personal computer: flied tying GAUSS, you may never 
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+ accuracy. It will compute the Longley 
benchmark coeficients in 5 hundredths of a second with an 
average of 11 correct digits! (Try that on a mainframe!) 


GAUSS, with its built-in random number generators ‘and 
. powerful functions and operators, is an excellent tool for 
doing simulations. 
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the 8087, and 15-100 times faster than 
other programs that do not use the 8087. 


As in APL, single statements in GAUSS 
can accomplish what might take dozens 
of lines in another language. However, 
GAUSS provides you with additional power- 
ful numerical operators and functions — 


linear equations —-that are not found in 
is much more natural (for most of us} than 


that in APL. 


GAUSS has state-of-the-art numerical 
routines and random number generators. 


GAUSS is extremely accurate. It allows 
you to do an entire regression in 19 digit 
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Replication in Empirical Economics: 
The Journal of Money, Credit and Banking Project 


By WILLIAM G. DEWALD, JERRY G. THURSBY, AND RICHARD G. ANDERSON” 


This paper examines the role of replication in empirical economic research. It 
presents the findings of a two-year study that collected programs and data from 
authors and attempted to replicate their published results. Our research provides 
new and important information about the extent and causes of failures to replicate 
published results in economics. Our findings suggest that inadvertent errors in 
published empirical articles are a commonplace rather than a rare occurrence. 


The confirmation of research findings 
through replication by other researchers is 
an essential part of scientific methodology. 
William Broad and Nicholas Wade in Be- 
trayers of Truth (1983) present examples 
wherein the inability of other researchers to 
replicate published scientific findings re- 
vealed both inadvertent errors and outright 
fraud. Replications in the physical and social 
sciences are attempted infrequently, how- 
ever. Thomas Kuhn (1970) emphasized that 
replication—however valuable in the search 


*Dewald is Senior Economist, Bureau of Economic 
and Business Affairs, U.S. Department of State, 
Washington, D.C. 20520. Thursby and Anderson are 
Associate and Assistant Professors, respectively, De- 
partment of Economics, The Ohio State University, 
Columbus, OH 43210. We extend our thanks to the 
Journal of Money, Credit and Banking and to the pres- 
ent editors of the JMCB for their cooperation and 
decision to continue to request that authors submit data 
along with papers for review. We thank the National 
Science Foundation for financial support under contract 
SES-8112800. We extend special thanks to the authors 
who responded to our requests for programs and data, 
many of whom spent significant amounts of time and 
resources compiling materials for this project. We thank 
Hashem Dezbakhsh, Roger Lagunoff, and Joseph 
Hohman for research assistance, and Jeanette White, 
the JMCB secretary, for supervising the receipt and 
distribution of data sets. We thank Ed Kuh and MIT’s 
Center for Computational Research in Economics and 
Management Science for loaning us the TROLL com- 
puter program. We also thank Benjamin Friedman, 
Lawrence Goldberg, Edward J. Kane, Thomas Mayer, 
Daniel Newlon, Edward J. Ray, Anthony Saunders, 
George Stigler, Stephen Stigler, Roger Waud, and 
Geoffrey Woglom for their comments and assistance. 
Responsibility for errors remains ours. 
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for knowledge—does not fit within the 
“puzzle-solving” paradigm which defines the 
reward structure in scientific research. Scien- 
tific and professional laurels are not awarded 
for replicating another scientist’s findings. 
Further, a researcher undertaking a repli- 
cation may be viewed as lacking imagination 
and creativity, or of being unable to allocate 
his time wisely among competing research 
projects. In addition, replications may be 
interpreted as reflecting a lack of trust in 
another scientist’s integrity and ability, as a 
critique of the scientist’s findings, or as a 
personal dispute between researchers. Final- 
ly, ambiguities and/or errors in the docu- 
mentation of the original research may leave 
the researcher unable to distinguish between 
errors in the replication and in the original 
study. Months of effort may yield the repli- 
cator only inconclusive results regarding the 
validity of the original study, and thus no 
foundation for his future research in the 
area. These circumstances nurture a natural 
reluctance to undertake replication studies, 
In July 1982, the Journal of Money, Cred- 
it and Banking, with financial support from 
the National Science Foundation, embarked 
upon the JMCB Data Storage and Evalua- 
tion Project. As part of the Project, the JMCB 
adopted an editorial policy of requesting 
from authors the programs and data used in 
their articles and making these programs and 
data available to other researchers on re- 
quest. In a second part of the Project, we 
attempted replication of published results 
for a number of the submitted data sets. Our 
findings suggest that inadvertent errors in 
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published empirical articles are a common- 
place rather than a rare occurrence. While 
correction of the errors did not affect the 
authors’ conclusions in most studies, the er- 
rors make independent replication impossi- 
ble unless the replicator errs in precisely the 
same way. 

In one crucial aspect, replications in em- 
pirical economics are simpler than in the 
experimental sciences: given the researcher’s 
computer programs and data set, calcula- 
tions may be repeated. The required pro- 
grams and data are rarely available for rep- 
lication, however. Many researchers employ 
proprietary statistical packages such as SAS, 
SPSS, TROLL, TSP, etc., which prohibit 
copying the program; replication is impossi- 
ble for the individual researcher without sub- 
sidized (for example, major university) access 
to the same computer hardware and soft- 
ware. Many other researchers utilize pro- 
grams which they or their research assistants 
have written in FORTRAN, Pascal, or other 
languages; interpretation and evaluation of 
these programs is difficult at best—and 
impossible at worst—without considerable 
skill, experience, and the cooperation of the 
original programmer. Dean Leimer and Selig 
Lesnoy (1982), for example, traced the false 
conclusions of Martin Feldstein (1974) to a 
computer programming error; we discovered 
similar errors in some of our replication 
studies. Finally, we note that some research 
projects employ computer programs of such 
enormous size and complexity as to all but 
guarantee that no other researcher will at- 
tempt replication of the study. The large- 
scale macroeconometric models such as the 
MPS model are members of this group. We 
discuss below our attempts at replication of 
a study based on the MPS model at Harvard 
University. 

Similar problems arise with data. Some 
data are confidential, having significant pro- 
prietary value due to the difficulty and/or 
expense of their collection, while federal law 
makes other data available only for the in- 
ternal use of employees of government 
agencies such as the Federal Reserve System. 
In the JMCB Project, many authors fur- 
nished their data even when the data had not 
been fully exploited in their own research. 
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For other researchers, however, private inter- 
est prevailed and our request was either re- 
fused or ignored. We note that NSF Policy 
Number 754.2 requires that computer pro- 
grams and data which have been produced 
with the assistance of NSF grants be made 
available to other researchers either by pub- 
lication, duplication, or loan to the re- 
searcher. Investigators have the first right of 
publication, but the NSF rule requires that 
the programs and data be made available to 
others. It appears that this policy is seldom 
enforced and that investigators either are 
unaware of the policy or unafraid of the 
penalties for failure to comply with it. 


I. The Role of Professional Journals 


Professional journals disseminate authors’ 
findings throughout the world. Our results 
suggest that journals take a more active role 
in assuring the quality of the results pre- 
sented in empirical studies.! As editor of 
Econometrica, Ragnar Frisch argued for such 
a role in the first issue of that journal: “In 
statistical and other numerical work pre- 
sented in Econometrica the original raw data 
will, as a rule, be published, unless their 
volume is excessive. This is important in 
order to stimulate criticism, control, and fur- 
ther studies” (1933, p. 3). Today, most eco- 
nomics journals except the JMCB do not 
have editorial policies which facilitate repli- 
cation of published results by requesting 
programs and data sets from authors. 

It is a matter of public record that errors 
exist in published empirical studies. Recent 
examples include Leimer and Lesnoy, cited 
above, and Frederick Siskind’s 1977 correc- 
tion of Finis Welch’s 1974 minimum wage 
study. Our research suggests that there are 
many more unrecorded and undiscovered 
cases similar to these. 

The frequency and magnitude of errors in 
empirical articles raise serious questions re- 
garding the integrity of the refereeing pro- 
cess of professional journals. Referees are 
concerned primarily with methodology, the- 


An argument for the role of professional journals is 
presented by Edward Kane (1984). 
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oretical specification, statistical estimators, 
and importance of results; an author’s pro- 
grams, data, and calculations are typically 
assumed to be correct. While our findings 
suggest that this assumption often is unwar- 
ranted, we hesitate to suggest—due to the 
massive amount of time which would be 
required—that referees should be required 
to check an author’s computer programs and 
data. Our findings suggest that the existence 
of a requirement that authors submit to the 
journal their programs and data along with 
each manuscript would significantly reduce 
the frequency and magnitude of errors. We 
found that the very process of authors com- 
piling their programs and data for submis- 
sion reveals to them ambiguities, errors, 
and oversights which otherwise would be un- 
detected. 

Our experience with authors who had not 
prepared programs and data for submission 
to the JMCB prior to submission of the 
article is indicative of the difficulties. Many 
could not locate the data for the article, 
while others had lost their programming. 
Even when the programs and data could be 
located, authors often had not kept a con- 
temporaneous record of the progress of the 
research and could not reconstruct their re- 
sults. In many cases—particularly in larger 
universities— graduate student research as- 
sistants had conducted essential parts of the 
research project, and after their departure it 
was impossible to reconstruct data sets from 
original sources. 

In principle, the marketplace of economic 
research might be expected to provide a 
check against careless, undocumented em- 
pirical research. Since the editorial policies 
of professional journals had failed to address 
the problems of replication of published 
work, Edgar Feige proposed in 1975 that 
“_,.aS a minimum standard, journal editors 
could explicitly publicize the necessity of 
full reporting of procedures and data...” 
(p. 1293). In response to Feige, the editors of 
the Journal of Political Economy wrote: 


We believe that the true remedy is 
resort to the powerful force of compe- 
tition. We believe that journals should 
be prepared to accept alternative statis- 
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tical tests of a hypothesis, in which 
either the confirmation or the con- 
tradiction of the author’s statistical 
tests is reported. For this task to be 
reasonably economical, any author 
should be willing to provide his un- 
derlying data to other scholars (at cost). 
Indeed, this behavior is a requirement 
for responsible scholarship. 

[1975, p. 1295] 


The editors subsequently added a new sec- 
tion to the journal devoted to verifications 
and contradictions of papers first published 
in the JPE. Invariably, this section con- 
tained papers employing either new data sets 
or alternative statistical techniques; little at- 
tention was paid to replication. Further, the 
JPE neither required nor facilitated making 
programs and data available for replication 
attempts. 

The JPE experiment is a classic example 
of market failure. The benefits of reduced 
frequency and magnitude of errors in em- 
pirical articles share many of the characteris- 
tics of public goods: all who read the journal 
benefit from the knowledge that the research 
reported in its articles has been more care- 
fully monitored by the researcher; the quan- 
tity of benefits available to any single reader 
is not reduced by others reading the journal; 
and it is difficult to induce the reader to 
reveal his or her true value (price) for better 
quality articles. A single researcher faces high 
costs in time and money from undertaking 
replication of a study and finds no ready 
marketplace which correctly prices the social 
and individual value of the good. 

An editorial policy which requires the sub- 
mission of programs and data to the journal 
has two significant advantages relative to a 
laissez-faire system wherein interested re- 
searchers must contact authors directly. First, 
it substantially reduces the cost borne by a 
researcher seeking to replicate original re- 
search. The economic self-interest of the 
author in satisfying the editors of the journal 
assures that the materials submitted to the 
journal are more complete and correct than 
what if anything might be furnished to an 
individual researcher. The journal provides a 
cost-effective clearinghouse for these materi- 
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als, relieving the author of the burden of 
furnishing programs and data to many re- 
searchers individually. Perhaps most im- 
portantly, potential replicators avoid giving 
the impression of challenging an author’s 
results by obtaining programs and data from 
the journal rather than from the author. 
Thus, these editorial policies reduce barriers- 
to-entry in replication and thereby facilitate 
the market-driven outcome suggested by the 
editors of the JPE. Second, readers of the 
journal benefit by knowing that the likeli- 
hood of an error in a published study has 
been reduced by careful preparation of the 
programs and data for submission to the 
journal, and that the referees of the article 
have had access to the programs and data. 
In this respect, the editorial policy is a form 
of professional collective action which solves 
the public goods problem by combining the 
values of the good to individual readers. 

In recognition of the importance of data 
collection and construction, the Review of 
Public Use Data and the Journal of Econo- 
metrics have entered into an arrangement 
whereby authors of applied articles in the 
Journal are given preference to publish sup- 
plementary data in the Review. Overall, how- 
ever, professional journals in economics have 
not adopted editorial policies to facilitate 
replication, and there have been few at- 
tempted replications. 


Il. The Response of Authors to Requests for Data 


The JMCB Project requested programs 
and data from the authors of all empirical 
articles published during or after 1980. These 
requests are usefully divided into two groups. 
The first group consists of authors of articles 
published prior to the start of the JMCB 
Project in July 1982. This control group had 
submitted and published articles in the 
JMCB without knowledge that a subsequent 
request would be made by the JMCB for 
their programs and data. The second group 
consists of authors whose articles, beginning 
July 1982, were either: (i) accepted for pub- 
lication but not yet published, or (ii) under 
review by referees. We are grateful to the 
many authors who supplied programs and 
data, thereby prospectively subjecting their 
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research to replication. For others, the non- 
response rate is itself an important finding of 
the Project. Table 1 summarizes the re- 
sponses of authors to our requests. 

In the first group, 42 of 62 authors re- 
sponded to our request and 22 of the authors 
submitted programs or data. Approximately 
one-third of the authors (20) never replied to 
our repeated requests, and an additional 
one-third (20) replied that they could not 
furnish their programs or data. The motives 
of the 20 authors who did not reply to our 
requests are not known. Much more in- 
formative are the responses of the 20 who 
replied but did not furnish programs and 
data. Two authors wrote that their data were 
confidential and could not be released. Four- 
teen wrote that they had lost or discarded 
their data. The others wrote that their data 
were readily available from published sources 
but did not furnish the data, leaving collec- 
tion of the data to us. We report below the 
results of an experiment wherein we at- 
tempted to replicate one study by collecting 
data from published sources. 

Why were 18 of these 20 authors unable to 
provide programs and data, some as little as 
six months after publication of the article? 
We surmise that some authors simply may 
not keep programs and data after comple- 
tion of a research project and, in any case, 
that authors devote most of their effort to 
the completion of a publishable manuscript 
and little to the tedious task of compiling, 
rechecking, and documenting programs and 
data. The authors who submitted data in- 
formed us that compiling the materials which 
we requested was often a lengthy and ex- 
pensive task. A low-cost alternative is to 
ignore the request for data as just another 
questionaire, or to reply that the data are 
lost, destroyed, or available from published 
sources. Economists recognize that optimiz- 
ing behavior allocates resources to their most 
productive uses. Our results are not unex- 
pected when professional rewards generally 
arise from the publication of articles and 
rarely from documentation of the research or 
providing the underlying materials to other 
researchers, 

We emphasize that authors in this first 
group were not aware during the course of 
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TABLE 1— RESPONSES TO REQUESTS FOR DATA FROM AUTHORS OF EMPIRICAL PAPERS? 


Published Accepted Under Review 
before Data before Data when Data 
Requested Requested Requested 
Requests 62 27 65 
Responses 42 26 49 
Response Rate (Percent) 66 96 -75 
Mean Response Time (Days) 217 125 - 130 
Not Submitted: 
Confidential Data 2 1° 0 
Lost or Destroyed Data 14 2 1 
Data Available, But Not Sent? 4 2 1 
Nonrespondents _20 = _16 
Total Not Submitted 40 6 18 
Nonsubmission Rate (Percent) 66 22 28 


a Includes all requests made through December 1984, and excludes authors whose 


papers were rejected. 


>bTwo data sets were partially confidential. 


This category includes authors who (i) stated that their data were available from 
published sources, but did not send their data; and (ii) authors who claimed to have 
their data but were unwilling to sort through their papers to find the data. 


their research that the JMCB would subse- 
quently request their programs and data. 
Several authors wrote that they easily could 
have supplied programs and data at the time 
of initial submission of the manuscript for 
review. Nevertheless, it is surprising that they 
did not retain their programs and data for a 
year or two after publication, not only for 
their own research but also, where research 
was supported by NSF, to satisfy its policy 
requiring that such information be provided 
to other researchers. 

The responses of the second group of 
authors are summarized in the second and 
third columns of Table 1. The proportion of 
authors who submitted programs or data 
is significantly larger than the 34 percent 
submission rate of authors in the first group: 
72 and 78 percent for papers-under-review 
and papers-accepted-but-not-published, re- 
spectively. The reasons for not submitting 
programs and data ‘were similar to those 
given by the first group of authors. Two 
authors of accepted-but-not-published pa- 
pers reported that they had already lost or 
destroyed ‘their data, and one of the 27 
authors in this group never replied to our 
repeated requests for- data.: 

The response rate of authors whose papers 
were under review by referees was only 75 


percent. All authors were given a minimum 
of six months to respond, and nonresponse 
was followed by a second request. While the 
JMCB has not made submission of the data 
a requirement for either submission or pub- 
lication of a paper, it is nonetheless note- 
worthy that one-fourth of the authors would 
not even reply to a letter from the journal 
reviewing their manuscript for publication. 
We can speculate that some authors did not 
compile or organize their programs and data 
prior to submission of their manuscript and 
would have responded if a favorable pub- 
lication decision was reached, but perhaps 
not. One of the authors who replied said that 
he had already lost or destroyed the data 
before a decision had been reached regard- 
ing publication of the manuscript. 


TH. Characteristics of the Submitted Datasets 


Data are isde to another eah un- 
less accurately recorded and properly docu- 
mented. Our goal for each submitted data 
set was that it be complete enough to allow 
an attempt at replication. We examined the 
first 54 submitted data sets to determine how 
often that goal was met. Eight, or 15 percent, 
were judged to have met that goal, while 14, 
or 26 percent, were judged incomplete. The 
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‘TABLE 2— PROBLEMS IN SUBMITTED DATA SETS 
Published Accepted Under Review 
before Data before Data when Data 
Requested Requested Requested 
No Problems 1 3 4 
Problems Identified: 
Incomplete Submission 6 3 5 
Sources Cited Incorrectly 0 4 4 
Sources Cited Imprecisely 11 7 10 
Data Transformations 3 4 1 
Described Incompletely 
Data Element Not Clearly 2 3 2 
Defined 
Other 0 3 1 
Problems 22 24 23 
Data Sets Examined 19 14 21 


problems which we encountered are sum- 
marized in Table 2. The most frequent prob- 
lem was a failure to identify the sources of 
the data precisely. This problem was some- 
what more common among data sets sub- 
mitted by authors in the first group who, in 
some cases, had completed the research proj- 
ect several years earlier. Similarly, incom- 
plete data sets also were more common with 
this group. Further, only 34 percent of the 
authors in this group were willing or able to 
submit any data. _ 

The identification of individual variables 
was a problem in many data sets. Submitted 
programs and data sets often were so inade- 
quately documented that we could not iden- 
tify the variables which had been used in 
calculating the published empirical results. 
The variable names in some data sets did not 
match those in the published articles, some 
data sets contained no variable names at all, 
and a few data sets omitted the original data 
from which the author had constructed new 
transformed variables. In addition, some 
authors had discarded data on variables 
which they reported as having insignificant 
coefficient estimates in their regressions. 
While we attempted to resolve any ambigu- 
ity by contacting authors, usually they had 
sent us all available information and the 
ambiguity could not be resolved. 

We attempted to replicate several data 
sets from the authors’ stated original pub- 
lished sources. Many authors cited only 
general sources such as Survey of Current 
Business, Federal Reserve Bulletin, or Inter- 


TABLE 3—CANARELLA AND GARSTON ORIGINAL AND 
CORRECTED RESULTS, LIKELIHOOD-RATIO TESTS OF 
RATIONAL EXPECTATIONS AND DEBT NEUTRALITY, 





REAL OuTPUT MODEL 
Hypothesis Original Revised 
Tested Results Results 
REH and EH Restrictions Applied to 
Money 6.246 7.014 
Debt 2.302 714 
Money and Debt 8,286 8.632 
SN and EH Restrictions Applied to 
Money 6.350 15.808> 
Debt 2.794 4.274 
Money and Debt 13.364” 20.930" 
REH, SN and EH Restrictions Applied to 
Money 12.454 22.802° 
Debt 4.272 4.594 
Money and Debt 20.744° 28.888" 





Note: REH = Rational expectations hypothesis; EH = 
Efficiency hypothesis; SN = Structural neutrality. 

a = Significant at 5 percent level. 

> = Significant at 1 percent level. 


national Financial Statistics, but did not 
identify the specific issues, tables, and pages 
from which the data had been extracted. 
Since government economic data may be 
revised several times after their initial pub- 
lication, we often found ourselves unable to 
reconstruct data sets from such vague docu- 
mentation. We present in Section V an ex- 
periment which illustrates the wide range of 
possible results that may be obtained in rep- 
lications based on published data. 

Time and resources did not permit repli- 
cation and reconstruction of all submitted 
data sets. Detailed examination of a sample 
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TABLE 4— MAYER AND NATHAN ORIGINAL AND CORRECTED RESULTS, CONTRACTED 
RATE ON NEw HOME MORTGAGES ORIGINATED BY MUTUAL SAVINGS BANKS 
REGRESSED ON YIELDS ON TEN-YEAR U.S. GOVERNMENT BONDS? 


Ten-Year Government 


Bond Rate 
Equation Current 1-Year R? D-W Rho 
Original Results 
7 .819 .987 2.3 — 0.170 
(14.6) (-.6) 
8 562 939 2.2 .186 
(3.7) (7) 
Corrected Results 
7 887 981 2.8 — 524 
(15.2) (-1.6) 
8 020 876 9 .020 
(3.4) (-.03) 


*The 1-values are shown in parentheses. 


of the data sets revealed a number of data 
errors, some of which significantly changed 
the statistical results and conclusions of the 
studies. Three examples illustrate our find- 
ings. We discovered a number of transcrip- 
tion errors in the data set submitted by 
Giorgio Canarella and Neil Garston (1983) 
before the manuscript was sent to the printer. 
While their conclusions are unchanged, cor- 
rection of the errors caused significant 
changes in the reported regression estimates 
and likelihood-ratio test statistics. A sample 
of the original and published results is shown 
in Table 3. 

Our examination of the data set submitted 
by Edward Gramlich (1983) revealed a con- 
flict between the sample periods cited in the 
manuscript and in the data set. While check- 
ing this problem, the author discovered that 
one of. the forecasts had been coded incor- 
rectly and was out-of-phase with the other 
forecast by six months. Correction of this 
problem substantially changed some conclu- 
sions regarding the relative accuracy of the 
forecasts. The corrected results appear in the 
published article. 

Finally, a minor coding error in the ten- 
year government-bond-rate series used by 
Thomas Mayer and Harold Nathan (1983) 
was discovered after the JMCB had gone to 
press; an “Errata” was subsequently pub- 
lished (1984). While their conclusions were 
unchanged, the corrected equations are quite 
different (see Table 4). 


IV. Summary of Replications from 
Submitted Datasets 


We conducted replications of nine articles 
from the JMCB as part of the JMCB Proj- 
ect. Our choice of articles was limited to 
those by authors who submitted data sets to 
the JMCB, and we extend our thanks to 
these authors for exposing their work to our 
replication efforts. We believe the articles are 
representative of the JMCB in terms of con- 
tent and econometric ‘sophistication. The 
number of replications was limited, and we 
did not in every case attempt to replicate all 
the results of the article. Our goal was to 
obtain the same numerical results as had 
been obtained by the authors and not neces- 
sarily to determine whether those results 
would be confirmed by further scrutiny such 
as checking the submitted data against origi- 
nal sources. While it is possible that we have 
erred in these replications, we have made 
extraordinary efforts to reduce the likelihood 
of such errors, including contacting the 
authors to discuss their articles and our rep- 
lication findings.” The replication results are 
summarized in Tables 5-8. 

We replicated the results of two articles in 
their entirety: James Johannes and Robert 


2We do not mean to suggest that all authors agree 
with our findings, only that we have endeavored to keep 
them informed of our replication efforts. 
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Rasche (1981) and Robert Engle (1983). 
Replication was aided greatly by the excep- 
tionally clear, detailed programs and data 
sets submitted by the authors. Even in these 
cases we encountered minor problems due to 
the use of different computer hardware and 
software. The problems were resolved quickly 
by contacting the authors. Similar problems 
appear inherent in replications even when 
the authors furnish excellent descriptions of 
their programs and data. 

We reproduced exactly almost all the re- 
sults of V. Vance Roley (1983) and obtained 
qualitatively similar results for John Merrick 
(1983). Roley tested the impact of weekly 
money stock announcements on Treasury bill 
yields by estimating a three-equation model 
over each of three sample periods. We were 
able to replicate from his data set all of 
Roley’s results except his estimates of the 
third equation (equation (3), p. 350) for the 
first sample period (see Table 5). Merrick 


estimated a single-equation model of the de- - 


terminants of money growth (Table 1,. p. 
227). Despite our best efforts, we were un- 
able to reproduce exactly his regression 
estimates. Our regression coefficients do dis- 
play the same sign and statistical significance 
as those reported by Merrick except for the 
coefficient of R°_,: our coefficient estimate 
is negative and insignificant (a value of 
—0.0001 with a t-statistic of 0.01), while 
Merrick reports a value of 0.029 with a t-sta- 
tistic of 4.83 (see Table 6). The reasons for 
these differences are unknown.’ 

We discovered several computer program- 
ming errors in our replications, some minor, 
some serious. A typical example is Brian 
Maris (1981). The article cites 1952:HI- 
1977:III as the estimation period (101 ob- 
servations) while the initial period used for 


3One reason may be the differing abilities of numeri- 
cal algorithms in econometrics computer programs to 
cope with collinear time-series data. Our results were 
obtained with version 3.4B of the TSP Econometrics 
package written in double-precision FORTRAN on an 
IBM 3081D and also with regression programs written 
by the authors of this paper in double-precision IBM 
VS FORTRAN using high-accuracy algorithms from 
the IMSL computer subroutine library. We believe that 
authors should investigate the numerical stability of 
their results and publish the findings. 
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TABLE 5— ESTIMATES OF THE EQUATION NOT 
REPLICATED FROM ROLEY (1983)° 


Coefficient Roley’ Our Estimate 
Bo 0.0029(.0079) 0.0003 (.0085) 
Bro —0,0094(.0178)  — 0.0025 (.0152) 
Ba 0.0059(.0061)  —0.0030(.0049) 
Boo 0.0463 (.0303) 0.1113 (.0475) 
Boy —0.0125(.0152)  —0.0476(.0257) 
Bso 0.0472(.0275)  —0.0312(.0213) 
Bu 0.0245 (.0084) 0.0156 (.0057) 
Bu 0.0275 (.0117) 0.0302(.0146) 
Ba —0.0073(.0030)  — 0.0094 (.0041) 
Bso — 0.0098 (.0545) 0.0160(.0374) 
Bsy — 0.0045 (.0272) — 0.0067 (.0154) 
Beo 0.0296 (.0165) 0.0253 (.0192) 
Ber — 0.0093 (.0054) — 0.0085 (.0068) 
R? 0.19 0.19 

SEE : 0.036 0.035 

D-W 1.94 2.05 


*Standard errors are shown in parentheses; D-W = 
Durbin-Watson statistic. 


TABLE 6—ESTIMATES OF MONEY GROWTH RATE 
EQUATION FROM MERRICK (1983)° 


Coefficient Merrick Our Estimate 
a 0.007 (1.40) 0.013 (2.41) 
a 0.606 (7.97) 0.626 (6.85) 
a _~ 0.054( — 0.58) —0.039(— 0.38) 
a; 0.116 (1.27) 0.141 (1.40) 
a4 — 0.071 (—0.78) — 0.047 (— 0.46) 
as - ` 0.097 (1.24) 0.099(1.14) 
a% 0.075 (1.07) 0.065 (0.85) 
a; ; 0.008(2.31) 0.010 (2.65) 
ag —0.005(—1.09)  —0.002(—0.49) 
ay 0.011(1.61) 0.011 (1.45) 
aio — 0.003 (— 0.76) —0.004( — 0.93) 
a1 — 0,273 (— 3.14) — 0.380 ( — 4.06) 
a2 0.306 (3.64) 0.361 (3.90) 
a3 0.029 (4.83) .  —0.0001 (- 0.01) 
D-W 1.98 1.98 


*The t-statistic values are shown in parentheses. 


estimation in the computer programs is 
1950:III (110 observations); Mariss com- 
puted Box-Pierce x? statistics are calculated 
from 101 residuals, not 110. The FORTRAN 
program used for estimation erred by at- 
tempting to read a number from a memory 
location -beyond the end of an array. This 
FORTRAN error forces the computer to 
interpret whatever information is stored in 
that memory. location as a real number, and 
produces highly unpredictable results. Using 
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TABLE 7— BATAVIA AND LASH (1982): PUBLISHED AND REPLICATED RESULTS, GNP REGRESSION 








Coefficient 
Constant M H L 
A. GLS Results 
Batavia and Lash —.8116 1.4623 .0722 .2970 
(3.98) (46.62) (1.75) (2.59) 

Replication: 

Iterative .1561 1.2857 .0169 .1736 

Method (331) (15.068) (471) (1.399) 
Replication: 

Single —.7533 1.4522 .0708 .312 

Iteration (-3.79) (47.41) (1.781) (2.786) 
B. 2SLS 
Batavia and Lash 7496 1.4541 0522 3358 

(2.34) (31.31) (1.30) (1.61) 

Replication: 

Iterative — 4510 1.3965 0294 2775 

Method (— 1.408) (24.66) (.792) (1.859) 
Replication: 

Single ~ 697 1.444 — 0542 3429 

Iteration (— 3.003) (40.48) (1.409) (2.519) 


Note: The t values are shown in parentheses. M = Money supply; H = Ratio of high employment 
government expenditures to high employment tax receipts; L = Ratio of bank loans to bank earning 


assets. 


the time-series filters reported by Maris, we 
were able to replicate all the results in his 
article. After correcting the FORTRAN pro- 
gram, we found that the specific time-series 
filters accepted by Maris were rejected by 
the data. We then identified and estimated 
an alternative set of filters which yielded 
innovations that passed the Box-Pierce test; 
our corrected results support Maris’s causal- 
ity conclusions. 

We could not replicate the, results of two 
articles, in one case even with the active 
assistance of the author. In Bala Batavia and 
Nicholas Lash (1982), the authors state that 
generalized least squares was used for thé 
estimation of both a single-equation and a 
simultaneous-equation model, but do not 
present the estimator. The authors were un- 
able to furnish their computer programs and 
we were unable to replicate the authors’ re- 
gression estimates from the data set which 
they furnished. We obtained estimates qual- 
itatively similar to their estimates in magni- 
tude and statistical significance by using a 
single-iteration Cochrane-Orcutt estimator 
with the value of p fixed at the value re- 
ported in the article. The values and signifi- 
cance levels of coefficient estimates obtained 


from both single-iteration and iterative 
Cochrane-Orcutt estimators differed greatly 
from those reported by the authors (see Ta- 
ble 7). 

The second replication examined Geoffrey 
Woglom’s 1981 study of the role of stock 
prices as a determinant of consumption in 
the MIT-Penn-SSRC (MPS) macroecono- 
metric model. The research reported in the 
article had been completed several years prior 
to our request and the data set had been 
updated since publication of the article; the 
vintage data set which corresponded to the 
article itself could not be reconstructed. 
Woglom furnished his current data set which 
included revised observations on the vari- 
ables and time periods used in the 1981 
article. Both we and Woglom attempted rep- 
lication of the article so as to determine 
whether the loss of the vintage data was 
important. While ours and Woglom’s esti- 
mates based on the revised data .are very 
similar, both differ from those contained in 
his article. Table 8 presents results for his 
equations 7 and 9 (Table 1, p. 218). Esti- 
mates based on the revised data set generally 
are more consistent than his published 
estimates with the hypothesis that the non- 
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TABLE 8— WOGLOM (1981): PUBLISHED, REVISED, AND REPLICATED ESTIMATES OF CONSUMPTION EQUATIONS 


YD U-YD 
Equation 7 (1963:I-1977:1) 
Original Estimates 694 — 073 
(18.7) (-4) 
Woglom’s Replication .78 — 099 
(30.0) (-1.0) 
Our Estimates 716 ATT 
(12.31) (819) 
Equation 9 (1963:I-1972:IV) 
Original Estimates 144 —.041 
(39.8) (-.3) 
Woglom’s Replication 177 198 
(27.75) (.938) 
Our Estimates 742 484 
(35.35) (4.17) 


F-Stat for 

VKN FVST RVST Testofe>c 
84.5 — 38.6 32.2 3.78 
(6.3) (-2.1) (1.4) 
49.75 —11.64 65.65 z 
{5.29 (-1.12) (3.83) 
61.59 —10.51 150.23 4.23 
(3.42) (-1.19) (2.38) 

81.9 — 75.5 6.6 10.98 
(8.8) (-3.3) (.4) 
57.94 — 51.65 26.16 a 
(5.51) (—1.51) (1.39) 
65.02 — 50.19 292.34 6.20 
(6.42) (-5.32) (6.76) 


Note: The t-statistics are shown in parentheses. YD is disposable income, VKN is the value of nonstock, household 
net worth, FVST is the value of common stocks due to quantifiable factors, and RVST is the value of common 
stocks due to nonquantifiable factors. U is a measure of the unemployment rate. The coefficients on YD, U- YD, 
FVST, and RVST are the sums of lag coefficients on second-degree polynomial lags constrained to zero at the tail. 
The lags on YD and U-YD are 9 periods (including the present period) and the lags on FVST and RVST are 7 


periods (including the present period). 
a Not reported. 


quantifiable value of stocks reflects expecta- 
tions of future income. These results em- 
phasize the importance of maintaining intact 
the vintage data sets used in published 
articles, especially when continuing research 
requires that active data sets be updated 
with revised observations. 

Several authors wrote that all or part of 
their data had been lost but could readily be 
obtained from published sources. We chose 
to replicate the results of a typical article in 
this group (Lawrence Goldberg and Anthony 
Saunders, 1981). Goldberg and Saunders 
provided the banking data used in their 
article but their data on imports, investment, 
and GNP had been lost. They identified the 
general source for each variable (either the 
Survey of Current Business or Federal Re- 
serve Bulletin), but provided no specific 
months, pages, or table numbers. They stated 
in materials submitted to the Project that 
they estimated the system of equations in 
their article by generalized least squares; in 
subsequent conversation, they explained that 
the agencies equation was estimated by 
ordinary least squares and the other two 
equations by a single-iteration Cochrane- 
Orcutt estimator. During December 1982 we 


collected the most-recently published values 
for all variables and time periods in their 
model.* Our calculated numerical values for 
the regression coefficients and standard er- 
rors differed significantly from those pub- 
lished by Goldberg and Saunders, with some 
coefficients which had insignificant #-statis- 
tics in their article becoming significant in 
the replication and vice versa. We examine 
this article further in Section V below. 

The final replication study which we dis- 
cuss here concerns a large-scale macroecono- 
metric model. In 1982, the JMCB published 
an article by Benjamin Friedman based on a 
version of the MIT-Penn-SSRC (MPS) mac- 
roeconometric model containing a large 
model of the market for U.S. government 
bonds. We requested the programs and data 
used for the article, appreciating that this 
could be a complex task. To our knowledge, 
no one previously had addressed the feasibil- 
ity of a researcher furnishing the programs 


‘Goldberg and Saunders cited the Federal Reserve 
Bulletin as the source for some data series which also 
are published in the Survey. Since the Survey is the 
primary source for these series, we collected all data 
from the Survey. 
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and data from a large macroeconometric 
model to another researcher for replication 
of an article. In July 1983, the author sent us 
an 87-page manual describing the installa- 
tion and usage of the MPS model on Harvard 
University’s IBM VM/370 computer system 
(Friedman and David Johnson, 1983), and 
two computer tapes containing more than 
2500 files of programs and data. 

Our problems in using Friedman’s pro- 
grams and data were the familiar difficulties 
of moving programs and data across com- 
puter systems, complicated by the scale of 
the MPS model. An accurate appraisal of 
the time, knowledge, and resources required 
of another researcher seeking to replicate 
Friedman’s results only could be obtained 
by installing his MPS model on a computer, 
in this case, Ohio State University’s IBM 
4341 VM/CMS system. The Harvard-MPS 
model system includes a supervisor program 
written in the EXEC language of IBM’s CMS 
operating system; a set of FORTRAN pro- 
grams to define the model’s equations, load 
data, and solve the model in simulation; and 
the NBER TROLL econometrics package to 
store, retrieve, and analyze simulation out- 
put. The model’s FORTRAN programs are 
not integrated into the TROLL system, and 
communications between them, TROLL, and 
the user are conducted by the CMS EXEC 
program handling numerous disk files. We 
found installation of the TROLL package on 
the IBM 4341 relatively straightforward, but 
not a task to be attempted without prior 
experience with IBM VM computers. 

Our most difficult task was converting the 
CMS EXEC programs from IBM 308X series 
mainframe computers using IBM 3350-type 
disk drives to an IBM 4341 CMS computer 
using 3370-type disk drives. Our limited time, 
patience, and resources forced us to end this 
replication effort before we finished the nec- 
essary reprogramming. In a subsequent tele- 
phone conversation, Friedman estimated that 
the time and effort required to produce the 
manual and computer tapes approximated 
that required to produce an additional article 
for a professional journal (these materials 
were compiled specifically in response to our 
request), and admitted astonishment that 
anyone would attempt to convert the Har- 
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vard-MPS-TROLL system to another com- 
puter and use it for replication. 

Replication attempts which use large-scale 
eonometric models are arguably the most 
complex of all such attempts due to the large 
computers, programs, and data bases re- 
quired. A researcher without an IBM VM/ 
CMS computer system would find repli- 
cation impossible since the programs are fully 
IBM dependent. As our replication effort 
demonstrates, even installation on another 
IBM computer may require a substantial 
amount of technical expertise (or the re- 
search grants to hire it). Nevertheless, the 
desirability of scientific replication is—if 
anything—-greater with respect to results 
based on complex computer technology than 
for smaller more-easily reproducible models. 


V. The Importance of Vintage Data 
in Replication: A Simulation Experiment 


A number of authors argued that their 
data “...could be readily obtained from 
published sources” and submitted no data 
or only partial data sets for the JMCB Proj- 
ect. Government agencies periodically revise 
published data such that the value of a vari- 
able for a particular time period (for exam- 
ple, gross domestic investment in 1978:I]) 
differs in different issues (volume, number) 
of the same publication. The difficulty of 
replication in the absence of original vintage 
data sets was exemplified above for Woglom; 
another researcher would replicate an au- 
thor’s data set only by the coincidence of 
choosing the same issues of a publication as 
had been chosen by the original researcher. 

We conducted a simulation experiment 
to study the effects of data revisions on 
the replication of a published empirical 
article. Our experiment is based on Gold- 
berg and Saunders’ three-equation model of 
the growth of agencies, branches, and sub- 
sidiaries of foreign banks in the United 
States. Our experiment simulates a re- 
searcher attempting to replicate Goldberg 
and Saunders’ published results by collecting 
data from the Survey of Current Business. 
The complete experiment is comprised of 
500 trials. Each trial consists of collecting a 
complete time-series on imports, investment, 
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and GNP from the Survey and estimating 
the Goldberg-Saunders’ model. We con- 
structed the data base for the experiment by 
collecting all preliminary and revised values 
for imports, investment, and GNP in each of 
the 40 quarters 1972:IV through 1982:III 
which had been published in the Survey of 
Current Business through the end of 1982. 
We used 118 monthly issues of the Survey. 

Each trial of the experiment begins by 
drawing an integer in the range [1,118] from 
a uniform distribution, selecting the corre- 
sponding issue of the Survey of Current Busi- 
ness, and collecting all observatioris on im- 
ports, investment, and GNP from the issue. 
This process is repeated until the time-series 
for the variables are complete. Data once 
entered on the worksheet are never replaced 
so that a newer revised number does not 
displace an older preliminary or revised value 
already recorded. Each trial has the same 
number of observations as Goldberg and 
Saunders’ data set. This procedure certainly 
is not the way Goldberg and Saunders 
collected their data. Nevertheless, our ex- 
periment illustrates the range and frequency 
distribution of estimates obtainable from 
randomly selected preliminary and revised 
data. 

In‘the Goldberg-Saunders model, the val- 
ues of assets held by agencies, branches, and 
subsidiaries of foreign banks in the United 
States are the dependent variables of the 
first, second, and third equations, respec- 
tively. Each equation contains the same in- 
dependent variables: an intercept term; the 
lagged spread between yields on assets and 
liabilities; real gross private domestic invest- 
ment; the ratio of imports to GNP; and a 
dummy variable to capture expectations of 
passage of the International Banking Act. 
We present below estimates of their model 
based on the most-recently published (new- 
est) data, the first-ever-published (oldest) 
data, and the 500 trials discussed above. 

In their article, Goldberg and Saunders 
report only that their model was estimated 
by generalized least squares; a replicator 
therefore could reasonably choose either a 
single-iteration or iterative Prais-Winston 
estimator. To study how this choice may 
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affect the replication, we repeated our com- 
plete experiment for two estimation strate- 
gies. In the first, we estimated the agencies 
equation by ordinary least sqiares and the 
other two equations by a single-iteration 
Cochrane-Orcutt estimator, for compara- 
bility to Goldberg and Saunders. In the sec- 
ond, we estimated each equation by ordinary 
least squares; tested for first-order autocor- 
relation (Durbin-Watson statistics in the 
inconclusive region were considered signifi- 
cant); and, if necessary, estimated the equa- 
tion by an iterative Prais-Winston estimator. 
We present detailed results only for the 
coefficient of gross.private domestic invest- 
ment. While this coefficient displayed the 
worst behavior, the coefficients of the other 
variables are roughly comparable. The fre- 
quency distributions of the coefficient esti- 
mates and t-statistics are shown in Figures 
1-6 for the Goldberg-Saunders estimator 
and in Figures 7-12 for the iterative Prais- 
Winsten estimator. 

The most significant finding of the repli- 
cation experiment is the strikingly different 
coefficient estimates and significance levels 
obtained by use of the two different estima- 
tors. All 500 trials based on the Goldberg- 
Saunders estimation procedure produced sig- 
nificant {-statistics at the 5 percent level for 
the coefficient of investment in all three 
equations, similar to Goldberg and Saunders’ 
results (see Figures 2, 4, and 6). In trials 
based on the Prais-Winsten estimator, one- 
half of t-statistics for the agencies equation 
(254 of 500), two-thirds of t-statistics for the 
branches equation (337 to 500), and one-third 
of t-statistics for the subsidiaries equation 
(151 of 500) are insignificant (see Figures 8, 
10, and 12). 

Our experiment demonstrates that Gold- 
berg and Saunders’ results are not easily 
replicated using data from published sources. 
A researcher using either the most-recently 
published data or a mixture of vintages of 
data from the Survey of Current Business 
would be unlikely to reproduce the Gold- 
berg-Saunders findings and, in turn, may be 
misled regarding the value of Goldberg and 
Saunders’ results as a foundation for future 
research. 
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Note: Frequency Distribution of Investment Coefficient (Coefficient value, Midpoint of interval). Figure 1: Ordinary 
least squares estimator; Figures 3 and 5: Single-iteration Cochrane-Orcutt estimator; Figures 7, 9, and 11: Iterative 
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Note: Frequency Distribution of t-Ratio (Value of t-ratio, midpoint of interval). Figure 2: Ordinary least squares 
estimator; Figures 4 and 6: Single-iteration Cochrane-Orcutt estimator; Figures 8, 10, and 12: Iterative Prais-Winsten 
estimator. A, B,C are as defined above. 
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VI. Replication and Graduate Education 
in Economics 


Several authors have suggested that repli- 
cation of published empirical studies should 
be made an important part of graduate edu- 
cation in economics, thereby encouraging 
new professional economists to regard repli- 
cation of past research as a legitimate start- 
ing point for new research; see, for example, 
the discussion in Edward Kane. The lack of 
collected data from published articles has 
frustrated attempts to implement this sug- 
gestion in the past. As a partial remedy, we 
have publicized the available JMCB Project 
data sets. In August 1983, we wrote to major 
economics departments with graduate degree 
programs, advertising the availability of the 
JMCB Project data sets as a basis for repli- 
cation studies in graduate courses. Since 
1983, students in advanced econometrics 
courses at Ohio State have been required to 
replicate and extend one published empirical 
study. Most students have chosen articles by 
authors who submitted data to the JMCB 
Project. 

Overall, we received 59 requests for data 
between early 1983 and the conclusion of the 
JMCB Project in September 1984. Most re- 
quests were from other researchers, but many 
were from graduate students pursuing dis- 
sertation research. The research of Walter 
Kramer etal. (1985), for example, was greatly 
simplified by the availability of JMCB Proj- 
ect data sets. 


VII. Conclusions and Recommendations 


The replication of research is an essential 
component of scientific methodology. Only 
through replication of the results of others 
can scientists unify the disparate findings of 
various researchers in a discipline into a 
defensible, consistent, coherent body of 
knowledge. While Ragner Frisch recognized 


5The existence of a large number of studies which 
differ in their data sets and statistical estimators but 
nonetheless accept the same economic models and hy- 
potheses also may provide a consistent body of scien- 
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this role of scientific replication in the first 
issue of Econometrica, today no major eco- 
nomics journal except the JMCB requests 
that authors submit programs and data sets. 
Referees of empirical articles must assume 
that the programming and data are correct, 
and readers of the articles find replication a 
difficult, frustrating, unrewarding, and often 
impossible task. 

It is widely recognized that errors occur in 
empirical economic research and appear in 
published empirical articles. Our results from 
the JMCB Project suggest that such errors 
may be quite common. While many errors 
appear not to affect the conclusions of the 
authors significantly, the presence of the er- 
rors in a data set frustrates replication and 
prevents later researchers from building on 
earlier research. Some authors recognize that 
their research should build on earlier work 
but are forced by the unavailability of origi- 
nal data to employ ad hoc tests for the 
comparability of their data with those used 
in previous studies.° 

Collinearity of data and high correlations 
among coefficient estimators are a widely 
recognized problem in studies based on 
time-series data. In these circumstances, even 
slight differences in data values or in the 
numerical precision of computer programs 
may produce sharply different parameter 
estimates. The existence of high collinearity 
increases both the difficulty of replication 
and the necessity for the preservation of the 
authors’ original programs and data sets. 
Authors should appropriately investigate the 
numerical stability of their estimates and 
publish the results. 

A reviewer of our original NSF funding 
application argued that the JMCB Project 
was unnecessary because “...all one had to 


tific knowledge. New studies generally present an alter- 
native view or interpretation of observed phenomena 
and attempt to extend results reached by previous re- 
searchers, not to confirm them. Replication is an essen- 
tial element in the evaluation and unification of the 
results of any large group of studies. 

®See, for example, Batavaia and Lash. 
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do was ask authors for their data.” In princi- 
ple, we agree with the reviewer and with the 
editorial statement of the JPE quoted above: 
authors of empirical articles should feel a 
professional responsibility to maintain pro- 
gram and data files for a reasonable amount 
of time after publication, and to provide 
these to other researchers. In fact, little ben- 
efit accrues to authors by providing pro- 
grams and data, and little reward accrues to 
researchers conducting replication studies 
unless they can show that a major scientist 
has committed either fraud or a significant 
error in his research. This situation is not 
unique to economics, and similar issues re- 
garding the availability of data are present in 
many fields; see, for example, James Craig 
and Sandra Reese (1973), Stephen Ceci and 
Elaine Walker (1983) and references therein.’ 

In this climate, replication may become 
viewed as a form of professional head-hunt- 
ing rather than as an essential component of 
scientific research. Kane likens the process 
to petroleum exploration and mining. “Suc- 
cess” in replication may come to be defined 
as the discovery of error or fraud by another 
researcher, such that a publishable correc- 
tion or comment arises, and a replicator may 
seek out those articles (geological sites) which 
have the highest likelihood of yielding success 
(oil). Kane’s apt analogy illustrates why, in 
the present system, those authors whose re- 
search is the subject of a replication effort 
may interpret the very act of replication as a 
challenge to their professional competence 
and integrity. If programs and data were 
available from journals and replication be- 
came commonplace, authors would be less 
likely to feel threatened by replication, par- 
ticularly if they have accurately recorded 
and carefully documented their programs 
and data. 

One of the authors of this article was 
editor of the JMCB during most of the 
period when the articles included in the 
JMCB Project were published. It would be 
embarrassing to reveal the findings of the 


7We are indebted to Stephen Stigler for these refer- 
ences, 
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Project save for our belief that the findings 
would be little different if articles and authors 
were selected from any other major econom- 
ics journal. In private correspondence, the 
editor of another major journal (not the 
AER) confided that he shares our belief. 

On the basis of our findings, we recom- 
mend that journals require the submission of 
programs and data at the time empirical 
papers are submitted. The description of 
sources, data transformations, and eco- 
nometic estimators should be so exact that 
another researcher could replicate the study 
and, it goes without saying, obtain the same 
results. This policy has three significant ad- 
vantages. 

First, authors would be able to supply 
programs and data sets at lower cost when 
their research is just completed than when a 
published article appears. We found that the 
frequency and magnitude of errors is smaller 
in data sets compiled by the researcher im- 
mediately after completion of the manuscript 
than in data sets compiled a year or more 
later. Furthermore, the compilation of pro- 
grams and data by authors often uncovered 
ambiguities, errors, oversights, and misstate- 
ments which otherwise would have gone un- 
discovered. 

Second, the journal provides a central- 
ized cost-effective facility for distributing 
programs and data sets to other researchers. 
We recognize that journals will incur costs in 
handling and distributing these materials, 
costs which will be passed on to subscribers, 
authors, and those requesting the materials. 
Our experience at the JMCB is that the 
handling costs of such materials are low. 
During the last four years, authors have sub- 
mitted more than 100 data sets on computer 
cards, magnetic tape, floppy disks, and paper 
printouts. These materials are stored in a 
portion of a single filing cabinet and are 
easily duplicated at low cost. Each requested 
data set is furnished at the actual cost of 
duplication including photocopying and com- 
puter charges. The organization and quality 
of submitted data sets is steadily improv- 
ing, further reducing handling and distribution 
costs for the J MCB. Currently, an undergradu- 
ate economics student handles the receipt, 
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duplication, and mailing of requested data 
sets in approximately 2—4 hours per week.® 

Finally, we believe these costs are more 
than offset by the benefits. The principal 
benefit is a reduced frequency of error in 
empirical articles due to more careful prep- 
aration of programs and data than might 
otherwise be the case. Subscribers benefit 
from the ability to obtain underlying pro- 
grams and data. Authors benefit by publish- 
ing articles which can be replicated by other 
researchers, thereby increasing citations to 
the article and its importance as a basis for 
further research in the field. Editors and 
referees benefit by having access to authors’ 
programs and data while evaluating papers 
for publication. Other researchers benefit by 
a substantial reduction in the costs of repli- 
cating published articles. 

Alternatives must be proposed for authors 
whose research is based upon proprietary, 
licensed, or confidential programs and data 
sets such as SAS, SPSS, and Survey Re- 
search Center or National Longitudinal Sur- 
vey data bases. Similar problems are rapid- 
ly appearing for researchers working on 
microcomputers, where software licensing 
agreements expressly prohibit copying or 
distribution of the software for any purpose. 
Authors should submit the version and serial 
numbers of proprietary programs (such as 
SAS, SPSS, RATS, and TSP) as well as 
listings of the instructions executed by the 
program. This audit trail allows replicators 
to trace bugs in the programs, changes in 
algorithms, and related difficulties. Users of 
large proprietary data sets should submit 
both the serial, version, or identification 
numbers and the date on which the data set 
was created or purchased. Although license 
agreements may restrict authors from fur- 
nishing data to other researchers, they should 
retain a copy of their data since vendors of 
data often are unable to reproduce the origi- 
nal vintage data set used by the researcher. 

We emphasize that, in principle, similar 
rules should apply to simulation studies. This 
is a straightforward matter for small studies 


SNo error checking or replication of data sets is 
currently performed by the JMCB or its staff. 
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programmed in FORTRAN or using popu- 
lar packaged programs. Our experience with 
the MPS model suggests, however, that for- 
midible difficulties exist for studies based on 
large-scale models. 
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Evaluating the Econometric Evaluations of Training Programs 
with Experimental Data 


By ROBERT J. LALONDE* 


This paper compares the effect on trainee earnings of an employment program 
that was run as a field experiment where participants were randomly assigned to 
treatment and control groups with the estimates that would have been produced by 
an econometrician. This comparison shows that many of the econometric proce- 
dures do not replicate the experimentally determined results, and it suggests that 
researchers should be aware of the potential for specification errors in other 


nonexperimental evaluations. 


Econometricians intend their empirical 
studies to reproduce the results of experi- 
ments that use random assignment without 
incurring their costs. One way, then, to 
evaluate econometric methods is to compare 
them against experimentally determined re- 
sults. 

This paper undertakes such a comparison 
and suggests the means by which economet- 
ric analyses of employment and training pro- 
grams may be evaluated. The paper com- 
pares the results from a field experiment, 
where individuals were randomly assigned to 
participate in a training program, against the 
array of estimates that an econometrician 
without experimental data might have pro- 
duced. It examines the results likely to be 
reported by an econometrician using nonex- 
perimental data and the most modern tech- 
niques, and following the recent prescrip- 
tions of Edward Leamer (1983) and David 
Hendry (1980), tests the extent to which the 
results are sensitive to alternative economet- 


*Graduate School of Business, University of Chicago, 
1101 East 58th Street, Chicago, IL 60637. This paper 
uses public data files from the National Supported 
Work Demonstration. These data were provided by the 
Inter-University Consortium for Political and Social 
Research. I have benefited from discussions with Mariam 
Akin, Orley Ashenfelter, James Brown, David Card, 
Judith Gueron, John Papandreou, Robert Willig, and 
the participants of workshops at the universities of 
Chicago, Cornell, Jowa, Princeton, and MIT. 


604 


ric specifications.’ The goal is to appraise 
the likely ability of several econometric 
methods to accurately assess the economic 
benefits of employment and training pro- 
grams.” 

Section I describes the field experiment 
and presents simple estimates of the pro- 
gram effect using the experimental data. Sec- 
tions II and III describe how econometri- 
cians evaluate employment and training 
programs, and compares the nonexperimen- 
tal estimates using these methods to the ex- 
perimental results presented in Section I. 
Section II presents one-step econometric 
estimates of the program’s impact, while 
more complex two-step econometric esti- 
mates are presented in Section III. The re- 


1These papers depict a more general crisis of con- 
fidence in empirical research. Leamer (1983) argues that 
any solution to this crisis must divert applied econo- 
metricians from “the traditional task of identifying 
unique inferences implied by a specific model to the 
task of determining the range of inferences generated by 
a range of models.” Other examples of this literature are 
Leamer (1985), Leamer and Herman Leonard (1983), 
and Michael McAleer, Adrian Pagan, and Paul Volker 
(1985). . 

?Examples of nonexperimental program evaluations 
are Orley Ashenfelter (1978), Ashenfelter and David 
Card (1985), Laurie Bassi (1983a,b; 1984), Thomas 
Cooley, Thomas McGuire, and Edward Prescott (1979), 
Katherine Dickinson, Terry Johnson, and Richard West 
(1984), Nicholas Kiefer (1979a,b), and Charles Mallar 
(1978). 
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sults of this study are summarized in the 
final section. 


I. The Experimental Estimates 


The National Supported Work Demon- 
stration (NSW) was a temporary employ- 
ment program designed to help disad- 
vantaged workers lacking basic job skills 
move into the labor market by giving them 
work experience and counseling in a sheltered 
environment. Unlike other federally spon- 
sored employment and training programs, 
the NSW program assigned qualified appli- 
cants to training positions randomly. Those 
assigned to the treatment group received all 
the benefits of the NSW program, while those 
assigned to the control group were left to 
fend for themselves.’ 

During the mid-1970s, the Manpower 
Demonstration Research Corporation 
(MDRC) operated the NSW program in ten 
sites across the United States. The MDRC 
admitted into the program AFDC women, 
ex-drug addicts, ex-criminal offenders, and 
nigh school dropouts of both sexes.* For 
those assigned to the treatment group, the 
program guaranteed a job for 9 to 18 months, 
depending on the target group and site. The 
treatment group was divided into crews of 
three to five participants who worked to- 


Findings from the NSW are summarized in several 
reports and publications. For a quick summary of the 
program design and results, see Manpower Demonstra- 
tion Research Corporation (1983). For more detailed 
discussions see Dickinson and Rebecca Maynard (1981); 
Peter Kemper, David Long, and Craig Thornton (1981); 
Stanley Masters and Maynard (1981); Maynard (1980); 
and Irving Piliavin and Rosemary Gartner (1981). 

“The experimental sample included 6,616 treatment 
and control group members from Atlanta, Chicago, 
Hartford, Jersey City, Newark, New York, Oakland, 
Philadelphia, San Francisco, and Wisconsin. Qualified 
AFDC applicants were women who (i) had to be cur- 
rently unemployed, (ii) had spent no more than 3 
months in a job in the previous 6 months, (iii) had no 
children less than six years old, and (iv) had received 
AFDC payments for 30 of the previous 36 months. The 
admission requirements for the other participants dif- 
fered slightly from those of the AFDC applicants. For a 
more detailed discussion of these prerequisities, see 
MDRC. 
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gether and met frequently with an NSW 
counselor to discuss grievances and perfor- 
mance. The NSW program paid the treat- 
ment group members for their work. The 
wage schedule offered the trainees lower wage 
rates than they would have received on a 
regular job, but allowed their earnings to 
increase for satisfactory performance and at- 
tendance. The trainees could stay on their 
supported work jobs until their terms in the 
program expired and they were forced to 
find regular employment. 

Although these general guidelines were 
followed at each site, the agencies that oper- 
ated the experiment at the local level pro- 
vided the treatment group members with 
different work experiences. The type of work 
even varied within sites. For example, some 
of the trainees in Hartford worked at a gas 
station, while others worked at a printing 
shop. In particular, male and female par- 
ticipants frequently performed different sorts 
of work. The female participants usually 
worked in service occupations, whereas the 
male participants tended to work in con- 
struction occupations. Consequently, the 
program costs varied across the sites and 
target groups. The program cost $9,100 per 
AFDC participant and approximately $6,800 
for the other target groups’ trainees.® 

The MDRC collected earnings and demo- 
graphic data from both the treatment and. 
the control group members at the baseline 
(when MDRC randomly assigned the par- 
ticipants) and every nine months thereafter, 
conducting up to four post-baseline inter- 


5Kemper and Long present a list of NSW projects 
and customers (1981, Table IV.4, pp. 65-66). The 
trainees produced goods and services for organizations 
in the public (42 percent of program hours), nonprofit 
(29 percent of program hours), and private sectors, 

©The cost per training participant is the sum of 
program input costs, site overhead costs, central admin- 
istrative costs, and child care costs minus the value of 
the program’s output. These costs are in 1982 dollars. If 
the trainees’ subsidized wages and fringe benefits are 
viewed as a transfer instead of a cost, the program costs 
per participant are $3,100 for the AFDC trainees and 
$2,700 for the other trainees. For a-more detailed dis- 
cussion of program costs and benefits, see Kemper, 
Long, and Thornton. 


SEPTEMBER 1986 





606 THE AMERICAN ECONOMIC REVIEW 
‘TABLE 1— THE SAMPLE MEANS AND STANDARD DEVIATIONS OF 
Pre-TRAINING EARNINGS AND OTHER CHARACTERISTICS FOR 
_ THE NSW AFDC AND MALE PARTICIPANTS 
Full National Supported Work Sample 
AFDC Participants Male Participants 
Variable Treatments Controls Treatments Controls 
Age 33.37 33.63 24.49 23.99 
(7.43) (7.18) (6.58) (6.54) 
Years of School 10.30 . 10.27 10.17 10.17 
(1.92) (2.00) (1.75) (1.76) 
Proportion 70 69 79 .80 
High School Dropouts (.46) (.46) (41) (.40) 
Proportion Married 02 04 14 13 
(15) (20) (35) (35) 
Proportion Black .84 .82 16 F5 
: (37) (39) (.43) (43) 
Proportion Hispanic 12 13 12 14 
(32) (33) (33) (.35) 
Real Earnings $393 $395 1472, 1558 
1 year Before (1,203) (1,149) (2656) (2961) 
Training : [43] [41] [58] [63] 
Real Earnings $854 $894 2860 3030 
2 years Before (2,08 (2,240) (4729) (5293) 
Training [74] [79] [104] [113] 
Hours Worked 90 92 278 274 
1 year Before (251) (253) (466) (458) 
Training [9] [9] [10] {10} 
Hours Worked 186 . 188 458 469 
2 years Before (434) (450) (654) (689) 
Training [15] [16] [14] [15] 
Month of Assignment —12.26 — 12.30 — 16.08 ~15.91 
(Jan. 78 = 0) (4.30) (4.23) (5.97) (5.89) 
Number of 
Observations 800 802 2083 2193 


Note: The numbers shown in parentheses are the standard deviations and those in the 


square brackets are the standard errors. 


views. Many participants failed to complete 
these interviews, and this sample attrition 
potentially biases the experimental results. 
Fortunately the largest source of attrition 
does not affect the integrity of the experi- 
mental design. Largely due to limited re-' 
sources, the NSW administrators scheduled 
a 27th-month interview for only 65 percent 
of the participants and a 36th-month inter- 
view for only 24 percent of the non-AFDC 
participants. None of the AFDC partic- 
ipants were scheduled for a 36th-month in- 
terview, but the AFDC resurvey during the 
fall of 1979 interviewed 75 percent of these 
women anywhere from 27 to 44 months after 
the baseline. Since the trainee and control 
group members were randomly scheduled 


for all of these interviews, this source of 
attrition did not bias the experimental 
evaluation of the NSW program. 

Naturally, the program administrators did 
not locate all of the participants scheduled 
for these interviews. The proportion of par- 
ticipants who failed to complete scheduled 
interviews varied across experimental group, 
time, and target group. While the response 
rates were Statistically significantly higher 
for the treatment as opposed to the control 
group members, the differences in response 
rates were usually only a few percentage 
points. For the 27th-month interview, 72 
percent of the treatments and 68 percent of 
the control group members completed inter- 
views. The differences in response rates were 
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TABLE 2—-ANNUAL EARNINGS OF NSW TREATMENTS, CONTROLS, AND 
EIGHT CANDIDATE COMPARISON GROUPS FROM THE PSID AND THE CPS-SSA 





Comparison Group* 











Treat- CPS- CPS- CPS- CPS- 
Year ments Controls PSID-1 PSID-2 PSID-3 PSID-4 SSA-1 SSA-2 SSA-3 SSA-4 
1975 $895 $877 7,303 2,327 937 6,654 7,7188 3,748 4,575 2,049 
{81) (90) (317) (286) (189) (428) (63) (250) (135) = (333) 
1976 $1,794 $646 7,442 2,697 665 6,770 8,547 4,774 3,800 2,036 
(99) (63) (327) (317) (157) (463) (65) ` (302) (128) (337) 
1977 ` $6,143 $1,518 7,983 3,219 891 7,213 8,562 4,851 5,277 2844 
(140) (112) (335) (376) (229) (484) (68) (317) (153) (450) 
1978 $4,526 $2,885 8,146 3,636 1,631 7,564 8,518 5,343 5,665 3,700 
(270) (244) (339) (421) (381) (480) (72) (365) (166) (593) 
1979 $4,670 $3,819 8,016 3,569 1,602 7,482 8,023 5,343 5,782 3,733 
(226) (208) (334) (381) (334) (462) (73) (371) (170) = (543) 

Number of 

Observations 600 585 595 173 118 255 11,132 241 1,594 87 


aThe Comparison Groups are defined as follows: PSID-1: All female household heads continuously from 1975 
through 1979, who’ were between 20 and 55-years-old and did not classify themselves as retired in 1975; PSID-2: 
Selects from the PSID-1 group all women who received AFDC in 1975; PSID-3: Selects from the PSID-2 all women 
who were not working when surveyed in 1976; PSID-4: Selects from the PS/D-1 group all women with children, 
none of whom are less than 5-years-old; CPS-SSA~—1: All females from Westat CPS-SSA sample; CPS-SSA-2: 
Selects from CPS-SSA-1 all females who received AFDC in 1975; CPS-SSA-3: Selects from CPS-SSA-1 all females 
who were not working in the spring of 1976; CPS-SSA-4: Selects from CPS-SSA-2 all females who were not working 
in the spring of 1976. 

‘All earnings are expressed in 1982 dollars. The numbers in parentheses are the standard errors. For the NSW 
treatments and controls, the number of observations refer only to 1975 and 1979, In the other years there are fewer 
observations, especially in 1978. At the time of the resurvey in 1979, treatments had been out of Supported Work for 


an average of 20 months. 


larger across time and target group. For 
example, 79 percent of the scheduled par- 
ticipants completed the 9th-month inter- 
view, while 70 percent completed the 27th- 
month interview. The AFDC participants 
responded at consistently higher rates than 
the other target groups; 89 percent of the 
‘AFDC participants completed the 9th-month 
interview as opposed to 76 percent of the 
other participants. While these response rates 
indicate that the experimental results may be 
biased, especially for the non-AFDC par- 
ticipants, comparisons between the baseline 
characteristics of participants who did and 
did not complete a 27th-month interview 
suggest that whatever bias exists may be 
small.’ 


7This study evaluates the AFDC females separately 
from the non-AFDC males. This distinction is common 
in the literature; but it is also motivated by the dif- 
ferences between the response rates for the two groups. 


Table 1 presents some sample statistics 
describing the baseline characteristics of the 
AFDC treatment and control groups as well 
as those of the male NSW participants in 
the other three target groups.® As would be 
expected from random assignment, the 


The Supported Work Evaluation Study (Public Use 


Files User’s Guide, Documentation Series No. 1, pp. 
18-27) presents a more detailed discussion of sample 
attrition. My working paper (1984, tables 1.1 and 2.3), 
compares the characteristics and employment history of 
the full NSW sample to the sample with pre- and 
postprogram earnings data. Randall Brown (1979) re- 
ports that there is no evidence that the response rates 
affect the experimental estimates for the AFDC women 
or ex-addicts, while the evidence for the ex-offenders 
and high school dropouts is less conclusive. 

® The female participants from the non-AFDC target 
groups were not surveyed during the AFDC resurvey in 
the fall of 1979 and consequently do not report 1979 
earnings and are not included with the AFDC sample. 
Excluding these women from the analysis does not 
affect the integrity of the experimental design. 
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TABLE 3—-ANNUAL EARNINGS OF NSW MALE TREATMENTS, CONTROLS, AND 
Sıx CANDIDATE COMPARISON GROUPS FROM THE PSID AND CPS-SSA 


Comparison Group™? 


Year Treatments Controls PSID-1 PSID-2 PSID-3 CPS-SSA-1 CPS-SSA-2 CPS-SSA-3 
1975 $3,066 $3,027 19,056* 7,569 2,611 13,650 7,387 2,729 
(283) (252) (272) (568) (492) (73) (206) (197) 
1976 $4,035 $2,121 20,267 6,152 3,191 14,579 6,390 3,863 
(215) (163) (296) (601) (609) (75) (187) (267) 
1977 $6,335 $3,403 20,898 7,985 3,981 15,046 9,305 6,399 
(376) (228) (296) (621) (594) (76) (225) (398) 
1978 . $5,976 $5,090 21,542 9,996 5,279 14,846 10,071 7,271 
(402) 2) 681) (703) (686) (76) (241) (431) 
Number of 
Observations 297 425 2,493 253 128 15,992 1,283 305 


*The Comparison Groups are defined as follows: PSID-1: All male household heads continuously from 1975 
through 1978, who were less than 55-years-old and did not classify themselves as retired in 1975; PSID-2: Selects 
from the PS/D-1 group all men who were not working when surveyed in the spring of 1976; PSID-3: Selects from 
the PSID-1 group all men who were not working when surveyed in either spring of 1975 or 1976; CPS-SSA-1: All 
males based on Westat’s criteria, except those over 55-years-old; CPS-SSA-2: Selects from CPS-SSA-1 all males who 
were not working when surveyed in March 1976; CPS-SSA-3: Selects from the CPS-SSA-1 unemployed males in 
1976 whose income in 1975 was below the poverty level. 

>All earnings are expressed in 1982 dollars. The numbers in parentheses are the standard errors. The number of 
observations refer only to 1975 and 1978. In the other years there are fewer observations. The sample of treatments is 
smaller than the sample of controls because treatments still in Supported Work as of January 1978 are excluded from 


the sample, and in the young high school target group there were by design more controls than treatments. 


means of the characteristics and pretraining 
hours and earnings of the experimental 
groups are nearly the same. For example, the 
mean earnings of the AFDC treatments and 
the AFDC controls in the year before train- 
ing differ by $2, the mean age of the two 
groups differ by 3 months, and the mean 
years of schooling are identical. None of the 
differences between the treatment’s and con- 
trol’s characteristics, hours, and earnings are 
Statistically significant. 

The first two columns of Tables 2 and 3 
present the annual earnings of the treatment 
and control group members.’. The earnings 
of the experimental groups were the same in 
the pre-training year 1975, diverged during 
the employment program, and converged to 
some extent after the program ended. The 


°All earnings presented in this paper are in 1982 
dollars. The NSW Public Use Files report earnings in 
experimental time, months from the baseline, and not 
calendar time. However, my working paper describes 
how to convert the experimental earnings data to the 
annual data reported in Tables 2 and 3. 


post-training year was 1979 for the AFDC 
females and 1978 for the males.!° 

Columns 2 and 3 in the first row of Tables 
4 and 5 show that both the unadjusted and 
regression-adjusted pre-training earnings of 
the two sets of treatment and control group 
members are essentially identical. Therefore, 
because of the NSW program’s experimental 
design, the difference between the post-train- 
ing earnings of the experimental groups is an 
unbiased estimator of the training effect, and 
the other estimators described in columns 
5-10(11) are unbiased estimators as well. 
The estimates in column 4 indicate that the 


0The number of NSW male treatment group mem- 
bers with complete pre- and postprogram earnings is 
much- smaller than the full sample of treatments or the 
partial sample of control group members. This dif- 
ference is largely explained by the two forms of sample 
attrition discussed earlier. In addition, however, (i) this 
paper excludes all males who were in Supported Work 
in January 1978, or entered the program before January 
1976; (ii) in one of the sites, the administrators ran- 
domly assigned .4 instead of one-half of the qualified 
high school dropouts into the treatment group. 
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TABLE 4— EARNINGS COMPARISONS AND ESTIMATED TRAINING EFFECTS FOR THE NSW 
AFDC PARTICIPANTS USING COMPARISON GROUPS FROM THE PSID AND THE CPS-SSA®> 
Difference in 
A Differences: Unrestricted 
Pu Erran Eamings Difference in Difference in Controlling for 
parison Group : : 
Earnings Earnings Differences: All Observed 
Comparison - Growth 1975-79 Quasi Difference Variables and 
Group Pre-Training Post-Training Treatments Less in Earnings Pre-Training 
Earnings Year, 1975 Year, 1979 Comparisons Growth 1975-79 Earnings 
Name of Growth Unad- Ad-  Unad- Ad- Without With Unad- Ad- Without With 
Comparison 1975-79 justed justed®? justed justed® Age Age justed justed? AFDC AFDC 
Group (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
2,942 -17 —22 851 861 833 883 843 864 854 - 
Controls (220) (122) (122) (307) (306) (323) (323) (308) (306) (312) 
PSID-1 713 ~6,443 —4,882 ~—3,357 —2,143 3,097 2,657 1746 1,354 1664 2,097 
(210) (326) (336) (403) (425) BID) (333) (857) (380) (409) (491) 
PSID-2 1,242 —1,467 —1,515 1,090 870 2,568 2,392 1,764 1,535 1,826 - 
(314) (216) (224) (468) (484) (473) (481) (472) (487) (537) 
PSID-3 665 -77 —100 3,057 2,915 3,145 3,020 3,070 2,930 2,919 - 
(351) (202) (208) (532) (543) (557) (563) (531) (543) (592) 
PSTD-4 928° —5,694 -4,976 —2,822 —2,268 2,883 2,655 1,184 950 1,406 2,146 
(311) (306) (323) (460) (491) (417) (434) (483) (503) (542) (652) 
CPS-SSA-1 233 —6,928 ~5,813 ~—3,363 —2,650 3,578 3,501 1,214 1,127 536 1,041 
(64) (272) (309) (320) (365) (280) (282) (272) (309) (349) (503) 
CPS-SSA-2 1,595 ~2,888 —2,332 —683  -—240 2,215 2,068 447 620 665 - 
(360) (204) (256) (428) (536) (438) (446) (468) (554) (651) 
CPS-SSA-3 1,207 —3,715 -3,150 —1,122 -—812 2,603 2,615 814 784 —99 1,246 
(166) (226) (325) (311) (452) (307) (328) (305) (429) (481) (720) 
CPS-SSA-4 1,684 ~1,189 —780 926 756 2,126 1,833 1,222 952 827 - 
(524) (249 (283) — (630) (716) (654) (663) (637) (17 (814) 





The columns above present the estimated training effect for each econometric model and comparison group. The 
dependent variable is earnings in 1979. Based on the experimental data, an unbiased estimate of the impact of training 
presented in col. 4 is $851. The first three columns present the difference between each comparison group’s 1975 and 1979 
earnings and the difference between the pre-training earnings of each comparison group and the NSW treatments. 

Estimates are in 1982 dollars. The numbers in parentheses are the standard errors. 

©The exogenous variables used in the regression adjusted equations are age, age squared, years of schooling, high school 


dropout status, and race. 
4See Table 2 for definitions of the comparison groups. 


earnings of the AFDC females were $851 
higher than they would have been without 
the NSW program, while the earnings of the 
male participants were $886 higher.’ More- 
over, the other columns show that the econo- 
metric procedure does not affect these esti- 
mates. 


‘Yt is commonly believed that the NSW program 
aad little impact on the earnings of the male par- 
icipants (see MDRC; A. P. Bernstein et al., 1985). My 
working paper discusses why this estimated impact dif- 
‘ers from the results discussed elsewhere. The 1978 
xarnings data were largely collected during the 36th- 
nonth interview, where the difference between the male 
treatment and control group members’ earnings aver- 
aged $175 per quarter. 


II. Nonexperimental Estimates 


- In addition to providing researchers with a 

simple estimate of the impact of an employ- 
ment program, MDRC’s experimental data 
can also be used to evaluate several nonex- 
perimental methods of program evaluation. 
This section puts aside the NSW control 
group and evaluates the NSW program using 
some of the econometric procedures found 
in studies of the employment and training 
programs administered under the MDTA, 
CETA, and JTPA.” 


These acronyms refer to the Manpower Develop- 
ment and Training Act-1962, the Comprehensive Em- 
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TABLE 5— EARNINGS COMPARISONS AND ESTIMATED TRAINING EFFECTS FOR THE NSW 
MALE PARTICIPANTS USING COMPARISON GROUPS FROM THE PSID AND THE CPS-SSA®> 





Difference in 











NSW Treatment Earnings Differences: Uni restricted 
Less Comparison Group Diffe erence in Difference in 
Earnings Earnings Differences: 
‘Comparison Pre-Traini ie Growth 1975-78 Quasi Difference Controlling for 
Group re-Training Post-Training, Ti reatments Less in Earnings All Observed 
Earnings Year, 1975 Year, 1978 Comparisons Growth 1975~78 Variables and 
Name of Growth Unad- Ad- Unad- Ad- Without With Unad- Ad- Pre-Training, 
Comparison 1975-78  justed justed® justed justed® Age Age  justed justed? Earnings 
Group? a) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
Controls $2,063 $39 $-21 $886 $798 $847 $856 $897 $802 $662 
(325) (383) (378) (476) (472) (560) (558) (467) ~— (467) (506) 
PSID-1 $2,043 — $15.997 — $7,624 — $15,578 — $8,067 $425 —$749 -$2,380 — $2,119 ~ $1,228 
(237) (195) (851) (913) (990) (650) (692) (680) (746) (896) 
PSID-2 $6,071 — $4,503 —$3,669 -$4,020 —$3,482 $484 ~$650 —$1,364 —$1,694 — $792 
(637) (608) (757) (781) (935) (738) (850) (729) (878) (1024) 
PSID-3 ($3,322 ($455 $455 $697 — $509 $242 -—$1,325 $629 ~ $552 $397 
(780) (539) (704) (760) (967) (884) (1078) (757) (967) (1103) 
CPS-SSA-1 $1,196 ~ $10,585 — $4,654 -~$8,870 — $4,416 $1,714 $195 ~—$1,543 —$1,102 ~ $805 
(61) (539) (509) (562) (557) (452) (441) (426) (450) (484) 
CPS-SSA-2 $2,684 — $4,321 —$1,824 -$4,095 -$1,675 $226 — $488 -~-$1,850 -—$782 ~~ $319 
(229) (450) (535) (537) (672) (539) (530) (497) (621) (761) 
CPS-SSA-3 $4,548 $337 $878 ~$1,300 $224 -$1,637 -—$1,388 -—$1,396 $17 $1,466 
(409) (343) (447) (590) (766) (631) (655) (582) (761) (984) 








* The columns above present the estimated training effect for each econometric model and comparison group. The dependent 
variable is earnings in 1978. Based on the experimental data an unbiased estimate of the impact of training presented in col. 4 is 
$886. The first three columns present the difference between each comparison group's 1975 and 1978 earnings and the difference 
between the pre- training earnings of each comparison group and the NSW treatments. 

>Estimates are in 1982 dollars. The numbers in parentheses are the standard errors, 

The exogenous variables used in the regression adjusted equations are age, age squared, years of schooling, high school 


dropout status, and race. 
4See Table 3 for definitions of the comparison groups. 


The researchers who evaluated these fed- 
erally sponsored programs devised both ex- 
perimental and nonexperimental procedures 
to estimate the training effect, because they 
recognized that the difference between the 
trainees’ pre- and post-training earnings was 
a poor estimate of the training effect. In a 
dynamic economy, the trainees’ earnings may 
grow even without an effective program. The 
goal of these program evaluations is to 
estimate the earnings of the trainees had 
they not participated in the program. Re- 
searchers using experimental data take the 
earnings of the control group members to be 
an estimate of the trainees’ earnings without 
the program. Without experimental data, re- 
searchers estimate the earnings of the trainees 
by using the regression-adjusted earnings of 





ployment and Training Act-1973, and ihe Job Training 
Partnership Act-1982. 


a comparison group drawn from the popula- 
tion. This adjustment takes into account that 
the observable characteristics of the trainees 
and the comparison group members differ, 
and their unobservable characteristics may 
differ as well. 

Any nonexperimental evaluation of a 
training program must explicitly account for 
these differences in a model describing the 
observable determinants of earnings and the 
process by which the trainees are selected 
into the program. However, unlike in an 
experimental evaluation, the nonexperimen- 
tal estimates of the training effect depend 
crucially on the way that the earnings and 
participation equations are specified. If the 
econometric model is specified correctly, the 
nonexperimental estimates should be the 
same (within sampling error) as the training 
effect generated from the experimental data, 
but if there is a significant difference be- 
tween the nonexperimental and the experi- 
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mental estimates, the econometric model is 
misspecified.4? 

The first step in a nonexperimental 
evaluation is to select a comparison group 
whose earnings can be compared to the earn- 
ings of the trainees. Tables 2 and 3 present 
the mean annual earnings of female and 
male comparison groups drawn from the 
Panel Study of Income Dynamics (PSID) 
and Westat’s Matched Current Population 
Survey -Social Security Administration File 
(CPS-SSA). These groups are characteristic 
of two types of comparison groups fre- 
quently used in the program evaluation liter- 
ature. The PSID-1 and the CPS-SSA-1 
groups are large, stratified random samples 
from populations of household heads and 
households, respectively.44 The other, small- 
er, comparison groups are composed of indi- 
viduals whose characteristics are consistent 
with some of the eligibility criteria used to 
admit applicants into the NSW program. 
For example, the PSID-3 and CPS-SSA-4 
comparison groups in Table 2 include 
females from the PSID and the CPS-SSA 
who received AFDC payments in 1975, and 
were not employed in the spring of 1976. 
Tables 2 and 3 show that the NSW trainees 
and controls have earnings histories that are 
more similar to those of the smaller compari- 
son groups, whose characteristics are similar 


13Thomas Fraker, Maynard, and Lyle Nelson (1984) 
describe a similar study using the NSW AFDC and 
Young, High School Dropouts. Instead of focusing the 
study on models of earnings and program participation, 
their study evaluates several strategies for choosing 
matched comparison groups. They use grouped Social 
Security earnings data when comparing the annual earn- 
ings of the NSW treatments to the earnings of each of 
the comparison groups. 

MThe PSID file including the poverty subsample 
selects only women and men who were household heads 
continuously from 1975 to 1979, and 1978, respectively. 
The CPS-SSA file matches the March 1976 Current 
Population Survey with Social Security earnings. Only 
individuals in the labor force in March 1976 with nomi- 
nal income less than $20,000 and household income less 
than $30,000 are in this sample. In 1976, 2 percent of 
the females and 21 percent of the males had earnings at 
the Social Security maximum. In this paper, females 
younger than 20 or older than 55 and males older than 
55 are excluded from the comparison groups. 
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to theirs, than those of the larger comparison 
groups. 

The second step in a nonexperimental 
evaluation is to specify a model of earnings 
and program participation to adjust for dif- 
ferences between the trainees and compari- 
son group members. Equations (1) through 
(4) describe a conventional model of earn- 
ings and program participation that is typi- 
cal of the kind econometric researchers use 
for this problem: 


(1) Yu = 8D; + BX, + b+, + En 
(2) bj, — PE 1 = Py 
(3) dis = Yis + YZis + Nis 


(4) D,=1 ifd,>0; D,=0 ifd,<0. 


In equation (1), earnings in each period 
are a function of a vector of individual char- 


acteristics, X;,, such as age, schooling, and 


race for individual i in time ¢; a dummy 
variable indicating whether the individual 
participated in training in period s +1, D; 
and an error with individual- and time- 
specific components and a serially correlated 
transitory disturbance. The transitory dis- 
turbance follows the first-order serial corre- 


Not only are the pre-training earnings of the 
PSID-3 comparison group in Table 2 similar to the 
earnings of the NSW experimental groups, but the 
characteristics of these groups are similar as well. 
The mean age for the PSJD-3 women is 40.95; the 
mean years of schooling is 10.31; the proportion of high 
school dropouts is 0.63; the proportion married is 0.01; 
the proportion black is 0.85; and the proportion 
Hispanic is 0.03. I experimented with matching the 
comparison groups even more closely to the pre-training 
characteristics of the experimental sample. However, 
these closely matched comparison groups are extremely 
small. For example there were 57 women from the 
PSID who received welfare payments in 1975, were not 
employed at the time of the survey in 1976, resided in a 
metropolitan area, and had only school-age children. 
The mean earnings of this group were $1,137 in 1975; 
$673 in 1976; $743 in 1977; $1,222 in 1978; and $1,697 
in 1979. 


612 THE AMERICAN ECONOMIC REVIEW 


lation process described in equation (2). 
Equations (3) and (4) specify the participa- 
tion decision: an individual participates in 
training and is admitted into the program in 
period s+1 if the latent variable d,, rises 
above zero. The participation equation is 
typically rationalized by the notion that the 
supply of individuals who decide to par- 
ticipate in training depends on the net benefit 
they expect to receive from participation and 
on the demand of the program administra- 
tors for training participants. The participa- 
tion latent variable is typically a function of 
a vector of characteristics Z,,, current earn- 
ings y; and an error. 

The estimators described in the column 
headings in Tables 4 and 5 (as well as many 
others in the literature) are based on econo- 
metric specifications that place different re- 
strictions on the training model represented 
by equations (1)—(4) (although one common 
restriction assumes that the unobservables in 
the earnings and participation equations are 
uncorrelated). These estimates are consistent 
only insofar as their restrictions are con- 
sistent with the data. The restrictions can be 
tested provided the nonexperimental data 
base has sufficient information on the pre- 
training earnings and demographic char- 
acteristics of the trainees and comparison 
group members. An econometrician is un- 
likely to take seriously an estimate based on 
a model that failed one of these specification 
tests. Therefore, the results of such tests can 
often aid the researcher in choosing among 
alternative estimates. It follows, then, that 
simply checking whether the nonexperimen- 
tal estimates replicate the experimental re- 
sults and whether these estimates vary across 
different econometric procedures is not the 
only motivation for comparing experimental 
to nonexperimental methods. By making this 
comparison, we can also discover whether 
the nonexperimental data alone reliably in- 
dicate when an econometric model is mis- 
specified and whether specification tests, 
which are supposed to ensure that the econo- 
metric model is consistent with the data, 
lead researchers to choose the “right” esti- 
mator. 

In practice, the available data affect the 
composition of the comparison groups and 
the flexibility of the econometric specifica- 
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tions. For example, since there is only one 
year of pre-training earnings data, we cannot 
evaluate all of the econometric procedures 
that have been used in the literature, nor can 
we test all of the econometric specifications 
analyzed in this paper with the nonexperi- 
mental data alone. 

Nevertheless, several one-step estimators 
are evaluated in Tables 4 and 5, starting with 
the simple difference between the treatment 
and comparison group members’ post-train- 
ing earnings in column 4, Column 5 presents 
this earnings difference controlling for age, 
schooling, and race. This cross-sectional 
estimator is based on a model where these 
demographic variables are assumed to ade- 
quately control for differences between the 
earnings of the trainees and comparison 
group members. Column 6 presents the 
difference between the two nonexperimen- 
tal groups’ pre- and post-training earnings 
growth. This estimator allows for an unob- 
served individual fixed effect in the earnings 
equation and for the possibility that individ- 
uals with low values of this unobservable are 
more likely to participate in training. The 
cross-sectional estimator described in col- 
umn 5 is now biased since the training 
dummy variable is correlated with the error 
in the earnings equation. Differencing the 
earnings equation removes the fixed effect, 
leaving)? 


(5) Yir Vis = 8D, + B- AGE, 


Pg Ns) + eye Eise 


16 One limitation of the NSW Public Use File is that 
there is only one year of pre-experimental data available 
in calendar time as opposed to experimental time. Con- 
sequently, there are several nonexperimental procedures 
which require more than a year of pre-training earnings 
data that are not evaluated in this paper. If additional 
data were available, it is possible that these procedures 
would adequately control for differences between the 
NSW treatments and comparison group members and 
that the results of the specification tests would correctly 
guide an econometrician away from some of the esti- 
mates presented in this paper to the estimates based on 
these other procedures. See John Abowd (1983), 
Ashenfelter, Ashenfelter and Card, Bassi (1983b, 1984), 
and James Heckman and Richard Robb (1985). 

The other demographic variables, schooling and 
race, are constant over time. 
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The comparison group’s earnings growth 
represents the earnings growth that the 
trainees would.have experienced without the 
program. However, since the trainees may 
experience larger earnings growth than the 
comparison group members simply because 
they are usually younger, column 7 presents 
the difference between the earnings growth 
of the two groups controlling for age. 

Column 8 presents the difference between 
the post-training earnings of the treatment 
and comparison group members, holding 
constant the level of pre-training earnings, 
while the estimator in column 9 controls 
both for pre-training earnings and the dem- 
ographic variables. These estimators are 
consistent when the model of program par- 
ticipation stipulates that the trainees’ pre- 
program earnings fell (see Table 1) because 
some of the training participants experi- 
enced some bad luck in the years prior to 
training. In this case, we would expect the 
trainees’ earnings to grow even without the 
program.’® The difference in differences 
estimator in columns 6 and 7 is now biased, 
since the training dummy variable is corre- 
lated with the transitory component of pre- 
training earnings in equation (5).!° Finally, 
columns 10 and 11 report the estimates of 
the training effects controlling for all ob- 
served variables. Besides the variables de- 
scribed earlier, the additional regressors are 
employment status in 1976, AFDC status in 
1975, marital status, residency in a metropol- 
itan area with more than 100,000 persons, 
and number of children. 


18 Researchers have observed this dip in pre-training 
earnings for successive MDTA and CETA cohorts since 
1964. See Ashenfelter (Table 1); Ashenfelter and Card 
(Table 1); Bassi (1983a, Table 4.1); and Kiefer (1979a, 
Table 4-1). 

19This estimator is similar to one devised by Arthur 
Goldberger (1972) (or see G. S. Maddala, 1983) to 
evaluate the Head Start Program where participation in 
the program depended on a child’s test score plus a 
random error. Similarly, participation in a training pro- 
gram can be thought of as a function of pre-training 
earnings and a random error. My working paper shows 
that this estimator is consistent as long as the unob- 
servables in the earnings and participation equations 
are uncorrelated, and all of the observable variables in 
the model are used as regressors in the earnings equa- 
tion. 
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Unlike the experimental estimates, the 
nonexperimental estimates are sensitive both 
to the composition of the comparison group 
and to the econometric procedure. For ex- 
ample, many of the estimates in column 9 of 
Table 4 replicate the experimental results, 
while other estimates are more than $1,000 
larger than the experimental results. More 
specifically, the results for the female par- 
ticipants (Table 4) tend to be positive and 
larger than the experimental estimate, while 
for the male participants (Table 5), the 
estimates tend to be negative and smaller 
than the experimental impact.” Addition- 
ally, the nonexperimental procedures repli- ` 
cate the experimental results more closely 
when the nonexperimental data include pre- 
training earnings rather than cross-sectional 
data alone-or when evaluating female rather 
than male participants. 

The sensitivity of the nonexperimental 
estimates to different specifications of the 
econometric model is not in itself a cause for 
alarm. After all, few econometricians expect 
estimators based on misspecified models to 
replicate the results of experiments. Hence 
the considerable range of estimates is under- 
standable given that inconsistent estimators 
are likely to yield inaccurate estimates. Be- 
fore taking some of these estimates too seri- 
ously, many econometricians at a minimum 
would require that their estimators be based 
on econometric models that are consistent 
with the pre-training earnings data. Thus, if 
the regression-adjusted difference between 
the post-training earnings of the two groups 
is going to be a consistent estimator of the 
training effect, the regression-adjusted pre- 
training earnings of the two groups should 
be the same. 

Based on this specification test, econo- 
metricians might reject the nonexperimen- 
tal estimates in columns 4-7 of Table 4 in 
favor of the ones in columns 8-11. Few 
econometricians would report the training 
effect of $870 in column 5, even though this 
estimate differs from the experimental result 


20 The magnitude of these training effects is similar to 
the estimates reported in studies of the 1964 MDTA 
cohort, the 1969-70 MDTA cohort, and the 1976-77 
CETA cohort. (See my working paper, Table 1.1.) 
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by only $19. If the cross-sectional estimator 
properly controlled for differences between 
the trainees and comparison group members, 
we would not expect the difference between 
the regression adjusted pre-training earnings 
of the two groups to be $1,550, as reported 
in column 3. Likewise, econometricians might 
refrain from reporting the difference in 
differences estimates in columns 6 and 7, 
even though all these estimates are within 
two standard errors of $3,000. As noted 
earlier, this estimator is not consistent with 
the decline in the trainees’ pre-training earn- 
ings. 

This point can also be made with the 
estimates for the NSW male participants 
(Table 5). For example, all but one of the 
difference in differences estimates in column 
6 are within one standard error of the ex- 
perimental estimate. Yet for two reasons it is 
unlikely econometricians would report these 
estimates. First, as the results in column 7 
suggest, since the trainees are younger their 
earnings might be expected to grow faster 
than the earnings of the comparison group 
members even without training. Second, as 
shown in Table 1, the pre-training earnings 
of the male participants fell in the peri- 
od before training, suggesting -that the 
trainees’ earnings will grow even if the pro- 
gram is ineffective. Here again, econometri- 
cians might turn to the considerable range of 
estimates in columns 8-10. 

The results of these specification tests sug- 
gest that an econometrician might report one 
of the estimates in columns 8—11. However, 
even without the experimental data, a re- 
searcher would find that the estimated train- 
ing effect is still sensitive to the set of vari- 
ables included in the earnings equation and 
to the composition of the comparison group. 
In Table 4, the estimates using the female 
household heads with school-age children 
(PSID-4) as a comparison group differ by 
more than $1,000. The largest estimate over- 
states the experimental result by $1,300, 
while the smallest estimate is within $100 of 
the experimental estimate. Likewise in col- 
umn 11, we find that the same estimator 
with different comparison groups yields a set 
of estimates that vary by more than $1,000. 
The estimates for the male participants ex- 


SEPTEMBER 1986 


hibit the same sensitivity to the choice of a 
comparison group and to the set of variables 
used as regressors in the earnings equation. 
However, the estimated standard errors asso- 
ciated with these training effects are larger 
than for the female estimates, making it more 
difficult to draw many conclusions from these 
results. 

Without additional data it is difficult to 
see how a researcher would choose a training 
effect from among estimates. Moreover, the 
nonexperimental data base alone does not 
allow the econometrician to test whether 
these estimates are based on econometric 
models that adequately control for dif- 
ferences between the earnings of the trainees 
and comparison group members. In this case, 
comparisons between the experimental and 
nonexperimental estimates is the best specifi- 
cation test available.” l 

Specification tests that use pre-training 
earnings data are an appealing means to 
choose between alternative estimates, but 
these tests are not themselves always suffi- 
cient to identify unreliable estimators. This 
point becomes clear when we compare the 
estimates using the PSID-3 comparison 
group (as defined in Table 2) and those using 
the NSW control group. The characteristics 
of these two groups are nearly the same, as 
are their unadjusted and adjusted pre-train- 
ing earnings. In each case the cross-sectional 
estimator in column 5 appears to be an 
unbiased estimate of the training effect. 
Moreover, both sets of estimates are un- 
affected by alternative econometric pro- 
cedures. Thus both the experimental and 
nonexperimental estimates pass the same 
specification tests; nevertheless the nonex- 
perimental estimate is approximately $2,100 
larger than the experimental result. If a re- 
searcher did not know that one set of esti- 
mates was based on an experimental data 
set, it is hard to see how she or he would 


2lAshenfelter, Ashenfelter and Card, and Bassi (1984) 
have noted in their studies using nonexperimental data 
that their results are sensitive to alternative econometric 
specifications and that there is evidence for male train- 
ing participants that the econometric models are mis- 
specified. 
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choose between two estimates where one 
training effect is roughly 3.5 times larger 
than the other. 


HI. Two-Step Estimates 


The unobservables in the earnings equa- 
tion were uncorrelated with those in the 
participation equation in all of the econo- 
metric models analyzed in the previous sec- 
tion. If, instead, the unobservables are corre- 
lated, none of the one-step least squares 
procedures are consistent estimators of the 
training effect. Individuals with high unob- 
servables in their participation equation are 
more likely to participate in training. Yet if 
the unobservables in the earnings and par- 
ticipation equations are negatively corre- 
lated, these individuals are likely to have 
relatively low earnings, even after controlling 
for the observable variables in the model. 
Consequently, least squares underestimates 
the impact of training. 

James Heckman (1978) proposes a two- 
step estimator that controls for the correla- 
tion between the unobservables by using the 
estimated conditional expectation of the 
earnings error as a regressor in the earnings 
equation. If the errors in the earnings and 
participation equations are jointly normally 
distributed, this conditional expectation is 
proportional to the conditional expectation 
of the error in the participation equation. 
Using the notation introduced in the last 
section, this relationship is expressed for- 
mally as 


(6) E(b,+e,,|Z,, D;) = po 0 
a-m gay | 


where Z, is a vector of observed variables, p 
is the correlation between the unobservables 
in the model, o? is the variance of the un- 
observables in the earnings equation, and 
#(-) and ®(-) are the normal density and 
distribution functions. Therefore the earn- 
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ings equation can be rewritten as 
(7) Ya = 6D; + BX,, + rH, + v7, 


where v* is an orthogonal error by construc- 
tion. To estimate the training effect, 6, the 
researcher first uses the coefficients from a 
probit estimate of the reduced-form par- 
ticipation equation to calculate the condi- 
tional expectation, H,, for both the trainees 
and comparison group members,” and, sec- 
ond, uses this estimate, H;, as a regressor in 
the earnings equation. The training effect is 
then estimated by least squares.” 

Table 6 presents estimates for the female 
and male training participants using the 
NSW controls, the PSID-1 and CPS-SSA-1 
as comparison groups.” Unless some vari- 
ables are excluded from the earnings equa- 
tion, the training effect in this procedure is 
identified by the nonlinearity of the probit 
function. Hence, the rows of Table 6 allow 
us to evaluate the sensitivity of these esti- 
mates to different exclusion restrictions. The 
second column associated with each set of 
training effects presents the estimated par- 
ticipation coefficient. If the unobservables 
are uncorrelated, this estimate should not be 
significantly different from zero. Therefore, 
these estimates allow us to test whether this 
restriction on the correlation between the 
unobservables is consistent with the nonex- 


22 This is a choice-based sampling problem, since the 
probability of being in the nonexperimental data set is 
high for the NSW treatment group members and low 
for the comparison group members. The estimated 
probability of participation depends not only on the 
observed variables but on the numbers of trainees and 
comparison group members. Heckman and Richard 
Robb (1985) show that this procedure is robust to 
choice-based sampling. For an example of an applica- 
tion of this estimator in the evaluation literature, see 
Mallar. 

Z3 Since the estimated value of this conditional expec- 
tation is used as a regressor instead of the true value, 
the estimated standard errors associated with the least 
squares estimates are inconsistent and must be cor- 
rected, See Heckman (1978,: .1979); William Greene 
(1981); John Ham (1982); and Ham and Cheng Hsiao 
(1984). 

24 The two-step estimates using the smaller compari- 
son groups were associated with large estimated stan- 
dard errors. 
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TABLE 6—- ESTIMATED TRAINING EFFECTS USING TWO-STAGE ESTIMATOR 








NSW AFDC Females NSW Males 


Heckman Correction for Program Participation 
Bias, Using Estimate of Conditional Expectation of 
Earnings Error as Regressor in Earnings Equation 














Variables Excluded from the Estimate of Coefficient for 
Earnings Equation, but Included Comparison Training Estimateof Training Estimate of 
in the Participation Equation Group Dummy Expectation Dummy Expectation 
Marital Status, Residency in an SMSA, PSID-1 1,129 — 894 — 1,333 — 2,357 
Employment Status in 1976, (385) (396) (820) (781) 
AFDC Status in 1975, CPS-SSA-1 1,102 — 606 —22 — 1,437 
Number of Children (323) (480) (584) (449) 
NSW Controls 837 —18 899 — 835 
(317) (2376) (840) (2601) 
Employment Status in 1976, AFDC Status PSID-1 1,256 — 823 - - 
in 1975, Number of Children (405) (410) 
CPS-SSA-1 439 —979 - - 
(333) (481) 
NSW Controls - - - - 
Employment Status in 1976, PSID-1 1,564 — 552 —1,161 — 2,655 
Number of Children (604) (569) (864) (799) 
CPS-SSA-1i 552 — 902 1 ~ 1,484 
(514) (551) (584) (450) 
NSW Controls 851 147 889 — 808 
(318 (2385) (841) (2603) 
No Exclusion Restrictions PSID-1 1,747 — 526 — 667 — 2,446 
(620) (568) (905) (806) 
CPS-SSA-1 805 — 908 213 — 1,364 
(523) (548) (588) (452) 
NSW Controls 86l 284 889 —876 
(318) (2385) (840) (2601) 





Notes: The estimated training effects are in 1982 dollars. For the females, the experimental estimate of impact of the 
supported work program was $851 with a standard error of $317. The one-step estimates from col. 11 of Table 4 were 
$2,097 with a standard error of $491 using the PSID-1 as a comparison group, $1,041 with a standard error of $503 
using the CPS-SSA-1 as a comparison group, and $854 with a standard error of $312 using the NSW controls as a 
comparison group. Estimates are missing for the case of three exclusions using the NSW controls since AFDC status 
in 1975 cannot be used as an instrument for the NSW females. For the males, the experimental estimate of impact of 
the supported work program was $886 with a standard error of $476. The one-step estimates from col. 10 of Table 5 
were $—1,228 with a standard error of $896 using the PS/D-1 as a comparison group, $— 805 with a standard error 
of $484 using the CPS-SSA-1 as a comparison group, and $662 with a standard error of $506 using the NSW controls 
as a comparison group. Estimates are missing for the case of three exclusions for the NSW males as AFDC status is 
not used as an instrument in the analysis of the male trainees. 


perimental data, and to examine whether Turning to the nonexperimental estimates 


this specification test leads econometricians 
to choose the “right” estimator. 

The experimental estimates in Table 6 are 
consistent with MDRC’s experimental de- 
sign. All of these estimates are nearly identi- 
cal to the experimental results presented in 
Tables 4 and 5. And furthermore, since the 
unobservables are uncorrelated by design, 
the estimated participation coefficients are 
never significantly different from zero. 


we find that although the instruments used 
to identify the earnings equation have some 
effect on the results, generally these esti- 
mates are closer to the experimental esti- 
mates than are the one-step estimates (in 


column 11 of Tables 4 and 5). For the 


females, the difference between the two-step 
and one-step estimates are small relative to 
the estimated standard errors, and the esti- 
mates of the participation coefficient are only 
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marginally significantly different from zero. 
Interestingly, in one case when the PSID-1 
sample is used as a comparison group, the 
estimated participation coefficient is signifi- 
cant (the t-statistic is 2.25) and the training 
effect of $1,129 is $968 closer to the experi- 
mental result than the one-step estimate. Ad- 
ditionally, this estimate is identical to the 
estimate using the CPS-SSA-1 comparison 
group, whereas the one-step estimates dif- 
fered by $1,056. However, if an econometri- 
cian reported this training effect, she or he 
would have to argue that variables such as 
place of residence and prior AFDC status do 
not belong in the earnings equation. Other- 
wise, the econometrician is left to choose 
between a set of estimates that vary by as 
much as $1,308. 

The two-step estimates are usually closer 
than the one-step estimates to the experi- 
mental results for the male trainees as well. 
One estimate, which used the CPS-SSA-1 
sample as a comparison group, is within 
$600 of the experimental result, while the 
one-step estimate falls short by $1,695. The 
estimates of the participation coefficients are 
negative, although unlike these estimates for 
the females, they are always significantly 
different from zero. This finding is consistent 
with the example cited earlier in which indi- 
viduals with high participation unobserv- 
ables and low earnings unobservables were 
more likely to be in training. As predicted, 
the unrestricted estimates are larger than the 
one-step estimates. However, as with the re- 
sults for the females, this procedure may 
leave econometricians with a considerable 
range ($1,546) of imprecise estimates; al- 
though, like the results for the females, there 
is no evidence that the results of the specifi- 
cation tests would lead econometricians to 
choose the “wrong” estimator. 


IV. Conclusion 


This study shows that many of the econo- 
metric procedures and comparison groups 
used to evaluate employment and training 
programs would not have yielded accurate or 
precise estimates of the impact of the Na- 
tional Supported Work Program. The econo- 
metric estimates often differ significantly 
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from the experimental results. Moreover, 
even when the econometric estimates pass 
conventional specification tests, they still fail 
to replicate the experimentally determined 
results, Even though I was unable to evaluate 
all nonexperimental methods, this evidence 
suggests that policymakers should be aware 
that the available nonexperimental evalua- 
tions of employment and training programs 
may contain large and unknown biases re- 
sulting from specification errors.” 

This study also yields several other find- 
ings that may help researchers evaluate other 
employment and training programs. First, 
the nonexperimental procedures produce 
estimates that are usually positive and larger 
than the experimental results for the female 
participants, and are negative and smaller 
than the experimental estimates for the male 
participants. Second, these econometric pro- 
cedures are more likely to replicate the ex- 
perimental results in the case of female rather 
than male participants. Third, longitudinal 
data reduces the potential for specification 
errors relative to the cross-sectional data. 
Finally, the two-step procedure certainly 
does no worse than, and may reduce the 
potential for specification errors relative 
to, the one-step procedures discussed in 
Section H. 

More generally, this paper presents an al- 
ternative approach to the sensitivity analyses 
proposed by Leamer (1983, 1985) and others 
for bounding the specification errors associ- 
ated with the evaluation of economic hy- 
potheses. This objective is accomplished by 
comparing econometric estimates with ex- 
perimentally determined results. The data 
from an experiment yield simple estimates of 
the impact of economic treatments that are 
independent of any model specification. Suc- 
cessful econometric methods are intended to 


25There is some evidence that this message has been 
passed on to the appropriate policymakers. See Recom- 
mendations of the Job Training Longitudinal Survey 
Research Advisory Panel to Office of Strategic Planning 
and Policy Development, U.S. Department of Labor, 
November 1985. This has led to at least a tentative 
decision to operate some part of the Job Training 
Partnership Act program sites using random assign- 
ment. (See Ernst Stromsdorfer et al., 1985.) 
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reproduce these estimates. The only way we 
will know whether these econometric meth- 
ods are successful is by making the compari- 
son. This paper takes the first step along this 
path, but there are other experimental data 
bases available to econometricians and much 
work remains to be done. For example, there 
have been several other employment and 
training experiments testing the effect of 
training on earnings, four Negative Income 
Tax Experiments testing hypotheses about 
labor supply, a medical insurance experi- 
ment testing hypotheses about insurance and 
medical demand, a housing experiment test- 
ing hypotheses about housing demand and 
supply, and a time-of-day electricity pricing 
experiment testing hypotheses about electri- 
city demand.” There clearly remain many 
opportunities to use the experimental method 
to assess the potential for specification bias 
in the evaluation of social programs, and in 
other areas of econometric research as well. 


6See Linda Aiken and Barbara Kehrer (1985), Abt 
Associates (1984), Gary Burtless (1985), Barbara Gold- 
man (1981), Goldman et al. (1985), Jerry Hausman and 
David Wise (1985), J. Ohls and G. Carcagno (1978), 
and SRI International (1983). 
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A Test for Speculative Bubbles in 
the Sterling-Dollar Exchange Rate: 1981-84 


By GEORGE W. Evans* 


The U.S. dollar price of the U.K. pound sterling is tested for a speculative bubble, 
defined as a period with a nonzero median in excess returns. A nonparametric 
procedure is developed which controls for data mining over the period of flexible 
exchange rates and finds a negative bubble in the excess return to holding ster- 
ling rather than dollar assets during 1981-84. Possible interpretations are boot- 
strap equilibria (rational bubbles), asymmetric fundamentals, and nonrational 


expectations. 


Many observers have felt that the foreign 
exchange markets have been too volatile 
since the advent of flexible rates, subject to 
large and persistent speculative movements 
in exchange rates over substantial periods of 
time.! A salient example of this is the sus- 
tained decrease of the U.S. dollar price of 
the U.K. pound sterling from December 1980 
through February 1985, a decline which, to- 
ward the latter part of the period, led to a 
belief among many economists and policy- 
makers in both countries that the pound was 
undervalued relative to the dollar.” 


*Department of Economics, Stanford University, 
Stanford, CA 94305-1992. This research was begun 
while I was visiting the London School of Economics, 
and was supported by the Center for Economic Policy 
Research, Stanford. I am indebted to Pauline Andrews 
for developing the computer programs required for the 
tests, to Simona Hughes for collecting the data, and to 
Roger Alford for providing the DIP program used to 
plot Figure 1. I also thank the participants in the 
Stanford Macroeconomics Seminar and the managing 
editor of this journal for their comments. An earlier 
version of this paper was circulated under the title 
“Speculative Bubbles and the Sterling-Dollar Exchange 
Rate: A New Test.” 

See, for example, Ronald McKinnon (1979, pp. 
155-56). There was a related discussion, antedating the 
1971-73 shift to flexible exchange rates, over destabiliz- 
ing and stabilizing speculation under freely floating 
exchange rates. References can be found in McKinnon. 

2 McKinnon (1984, ch. 5) argued in March 1984 that 
the dollar was overvalued and the Economist (January 
5, 1985, p. 54) reported that an OECD study based on 
purchasing power parity calculations showed the pound 
substantially undervalued against the dollar in mid-1984. 
In the United States, the Treasury in 1983 described 
coordinated “intervention to stem the rise of the dollar” 
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Figure 1 indicates the magnitude of the 
swing: during this four-year period, the dol- 
lar price of the pound fell by over one-half. 
The extent of this slide cannot be explained 
by differential interest rates or inflation rates 
between the two countries. For example, cor- 
recting for interest rate differentials, the 
average excess return to holding dollars 
rather than sterling over this period was over 
19 percent per annum. 

The size and persistence of the negative 
excess returns to holding sterling might ap- 
pear to constitute decisive evidence of a 
“speculative bubble” or “abnormality” in 
the dollar-pound exchange rate during this 
period. This conclusion, however, requires 


(Wall Street Journal, August 2, 1983). In July 1984, Paul 
Volcker, the Chairman of the Federal Reserve Board, 
discussed the risk of a fall in the dollar (Financial 
Times, July 26, 1984) and in early 1985 referred to an 
overvalued dollar, the need for concerted intervention, 
and the possibility of a “very sharp decline” in the 
dollar ( Economist, March 16, 1985, p. 73 and Financial 
Times, March 7, 1985). In the United Kingdom, interest 
rates were increased in July 1984 “in the face of a 
further speculative run against the pound” ( Financial 
Times, July 7, 9, and 12, 1984). Then in January 1985 
the British government, which was “extremely con- 
cerned about the recent slide in sterling on the foreign 
exchanges,” engineered a total four and one-half per- 
centage point increase in bank base rates in just over 
two weeks in an effort to arrest the decline in the pound 
sterling ( Financial Times, January 14, 15, and 29, 1985). 
Intervention in the foreign exchange markets by the 
central banks of the G5 countries occurred on a number 
of occasions (for example, see Financial Times, July 4, 
1984, and March 22, 1985). 
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FIGURE 1. U.S. DOLLAR PRICE OF 
U.K. POUND STERLING 


careful statistical support since, for exam- 
ple, an asset price following a random walk 
will on occasion, purely by chance, exhibit 
such apparent abnormalities over subperiods. 
A sound statistical test must therefore take 
account of data mining. The focus of this 
paper is the design of a procedure for detect- 
ing a precisely defined type of speculative 
bubble or abnormality in the dollar price of 
sterling over 1981-84, which protects against 
data mining from within the flexible ex- 
change rate period. 

In apparent contrast to the view that the 
foreign exchange markets contain periods of 
bubbles or abnormalities in excess returns, it 
has been widely assumed in the literature 
that, under flexible rates, the foreign ex- 
change markets set prices efficiently. If agents 
are risk neutral, expectations are formed 
rationally, transactions costs can be ne- 
glected and markets are competitive, then 
“simple efficiency” holds and there’ should 
be no expected profit opportunities in the 
forward exchange markets. This is usually 
expressed as 


(1) E,X,4,=0 for X41 = S47 So 


where s,,, is the logarithm of the spot price 
of foreign currency in period ¢+1 and f, is 
the logarithm of the one-period forward rate, 
that is, the price at time ¢ of forward cur- 
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rency to be delivered at t+1. Here E, de- 
notes the mathematical expectation condi- 
tioned on information available at time t. 
Equation (1) is also referred to as the “ unbi- 
ased expectations” hypothesis since it is 
equivalent to f, = E,5,,4. 

Equation (1) can be tested empirically in 
several ways, for example, by regressing x,, 
the excess rate of return to holding a for- 
ward exchange contract, on variables in the 
information set and testing the null hypothe- 
sis of zero coefficients, or by testing the 
implied nonlinear restrictions imposed on 


. vector autoregressive models. Although some 


tests have appeared to support simple effi- 
ciency, recent tests using larger sample sizes 
seem to have clearly detected small but sta- 
tistically significant deviations from (1).° 
However, the dominant interpretation of 
these findings is that they are due to time- 
varying risk premia. Thus it is argued that 
E,X,4,= 0 for a suitably defined risk- 
adjusted excess return X,,,, SO that efficiency 
holds when allowance is made for risk-averse 
agents. We return to this issue below in 
Sections I, Part B, and IJ. Assuming that (1) 
holds, or a suitable modification of (1) to 
allow for risk premia,* can this be reconciled 
with the view of a market subject to large 
speculative movements? There are several 
possibilities. 

Since to a close approximation the markets 
obey covered interest arbitrage, we have f, = 
S,+i,,—i%, where i,, and if, are the 
domestic and foreign one-period interest 
rates from period ¢ to t +1, known at time £, 
on comparable assets such as Eurocurrency 
deposits. Then. x,,, is also given by 


= = ee 
(2) X41 = Sp 41 Stiri lii 


3A partial list of the large and expanding literature 
on tests of simple efficiency includes Jacob Frenkel 
(1977, 1981), John Geweke and Edgar Feige (1979), 
Lars Peter Hansen and Robert Hodrick (1980), Craig 
Hakkio (1981), Sebastian Edwards (1983), and Richard 
Baillie, Robert Lippens and Patrick McMahon (1983), 
as well as several of the references cited later in this 
paper. : 

*To simplify discussion of the other issues involved, 
I ignore risk premia throughout the remainder of the 
introduction. 
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and (1) may be equivalently written as 
(3) Eiht Esa Sp 


which is sometimes known as the open inter- 
est parity condition. Note that x,,, can be 
interpreted as the excess rate of return, in 
domestic currency, from holding an un- 
covered foreign interest-bearing asset rather 
than a comparable domestic asset. It was 
shown in Rudiger Dornbusch (1976) that 
when (3) is incorporated in models with pre- 
determined goods prices, it is possible for 
the exchange rate, in response to new infor- 
mation about fundamentals, to overshoot its 
long-run equilibrium value and thence to 
follow a systematic path back toward equi- 
librium. However, the predictable compo- 
nent of the movement in s, would be en- 
tirely captured in interest rate differentials, 
which we net out when computing excess 
returns. 

Another possible explanation of large sys- 
tematic variations in exchange rates is that 
the rate follows a solution to (3) other than 
the one dictated by fundamentals. The ex- 
istence of a wide variety of ‘solutions for 
asset or goods prices satisfying a condition 
analogous to (3) has been emphasized by 
John Taylor (1977), Olivier Blanchard (1981), 
Robert Flood and Peter Garber (1980), 
Blanchard and Mark Watson (1982), and 
Behzad Diba and Herschel Grossman (1983). 
Solutions other than the “market fundamen- 
tals” solution have been variously called “ra- 
tional bubble,” “sunspot,” and “bootstrap” 
equilibria.® I will use the name “bootstrap” 
for such solutions and reserve the term 
“bubble” for a related but distinct phenome- 
non. The possibility of bootstrap solutions in 
the foreign exchange markets .was explicitly 
noted by Flood and Garber (1982) using a 


5Which variables constitute fundamentals depends 
upon the specification of the complete model. 

©The definition of the fundamentals solution is dis- 
cussed in Edwin Burmeister, Flood, and Garber (1983) 
and Bennett McCallum (1983). See also Section II 
below. The entire class of solutions to such models is 
given in C. Gourieroux, J. J. Laffont, and A. Monfort 
(1982). The disequilibrium stability of bootstrap equi- 
libria has been considered in my paper (1985). 
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simple complete model incorporating a con- 
tinuous time version of (3), and I give exam- 
ples in Section III below. 

Indirect tests for bootstrap equilibria have 
been of three types.’ 

(i) Variance bounds tests of Robert 
Shiller (1981) and Blanchard and Watson 
which, when applied to equities, find too 
much volatility in equity prices given the 
behavior of dividends. The principal prob- 
lem with this type of test is that there are 
several alternative explanations, discussed by 
Stephen LeRoy (1984), which could explain 
such excess volatility without: the necessity 
of assuming prices deviating from their 
fundamental values. However, Kenneth West 
(1985a) has recently argued that at least 
some of these problems can be overcome 
and has provided additional evidence of ex- 
cess volatility. $ 

(ii) Specification tests, for example, 
West (1985b), which compare two estimates 
of parameters required to calculate the 
“fundamentals” solution. Like (i), this test 
requires an assumed model for pricing the 
asset. 

(iii) Runs tests, applied by Blanchard 
and Watson to gold prices. Here the tests 
failed to detect an excess of long runs which 
would have suggested bubbles. However, the 
tests may have had low power for reasons 
discussed by Blanchard and Watson,® and 
for other reasons mentioned below. It should 
also be noted that a tendency toward runs 
can result from certain distributions of 
fundamentals. . 

This paper proposes a new test for specu- 
lative bubbles, closer in spirit to the runs 
test, and applies it to the exchange rate 
between the U.K. pound sterling and the 
U.S. dollar. In order to clarify what null 
hypothesis is being tested, I provide a pre- 
cise definition of the type of abnormality in 
excess returns which will be referred to as a 


7Direct tests have been conducted by Flood and 
Garber (1980) and Diba and Grossman (1984), with 
negative results. 

8Suppose there is a bubble caused by a bootstrap 
solution which has probability 7 of continuing. For a 
near one or one-half, the tendency toward long runs 
becomes negligible. 
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speculative bubble. For the purposes of this 
paper, I define a speculative bubble as a 
subperiod during which there is a nonzero 
median in the distribution of x,, the excess 
return to holding foreign currency (if an 
- allowance is made for risk premia, I alter the 
definition to require a nonzero median in the 
distribution of the risk-adjusted excess re- 
turns, %,). 

This definition has a number of ad- 
vantages. First, there is some basis in com- 
mon usage, since it implies a tendency to- 
wards an abnormal number of positive or 
negative excess returns during the subperiod. 
Second, if efficiency holds, then the existence 
of a speculative bubble must correspond to a 
skewed distribution of excess returns. The 
low probability of large excess returns of 
opposite sign to those that predominate can 
be interpreted as the possibility of a crash. 
Finally, this definition of speculative bubble 
is well suited to testing, since it is stated in 
terms of one measure of the central tendency 
of excess returns. 

It must be emphasized at the outset, how- 
ever, that detection of a speculative bubble 
so defined does not imply the detection of a 
bootstrap equilibrium or “rational bubble” 
in the sense of Flood and Garber (1980) or 
Blanchard and Watson. Other possible causes 
of a speculative bubble are a skewed distri- 
bution of fundamental innovations and non- 
rational solutions.’ 

In the next section I describe and carry 
out an appropriate nonparametric test which 
finds evidence of a speculative bubble in the 
sterling-dollar exchange rate over 1981-84. 
The following section shows that the evi- 
dence for a bubble remains strong when an 
allowance is made for risk premia. The re- 
maining sections discuss at length the possi- 
ble interpretations of the results. 


I. A New Test for Bubbles 


One of the major difficulties in testing for 
speculative bubbles is that there may be only 


° Those readers who object to this use of “speculative 
bubble” may substitute for it another phrase such as 
“empirical bubble” or “abnormality in excess returns,” 
or choose their own terminology. 
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one or two bubbles covering only part of the 
sample period. Furthermore, if there are two 
or more bubbles, they may be of opposite 


` signs. We cannot, therefore, assume a uni- 


form pattern over the whole sample period, 
and a powerful test must be designed to 
reflect this. 


A. Description of the Test 


Let x, be the stochastic process of excess 
returns to holding foreign currency for t= 
1,..., T, and let m, be the median of x, in 
period ¢ conditional on information through 
t—1. The null hypothesis H, is that m,=0 
for t=1,..., T, and we desire a test designed 
to detect alternatives H, under which m,= 
m# 0 fort=T,,...,T, where 1< T, <7, <T. 

A suitable basis for a test of Hg vs. H, is 
the sign test, a nonparametric test which 
looks at the difference between the number 
of positive and negative signs for x, over the 
period.’ This test would be directly applica- 
ble if the alternative were uniform, that is, 
m,=m#0 for t=1,...,T. The sign test has 
the advantages that it explicitly focuses on 
the conditional median and that no assump- 
tions are required about the distribution of 
x, other than continuity. In contrast, the 
usual t-test is clearly not an appropriate 
starting point, since it is based on the sam- 
ple mean and since the validity of the test 
in small samples depends on assumptions 
of constant variance and normal kurtosis, 
whereas it is widely believed that changes in 
asset prices typically are heteroscedastic and 
leptokurtic. 

The statistical problem is to adapt the sign 
test so that it is sensitive to a departure from 
0 median over only part of the sample period. 
Although the sign test applied to the full- 
sample period might detect such a deviation, 
this test is likely to have very low power for 
such alternatives. On the other hand, the 
application of the sign test to a suspect 
subperiod, ignoring data from the rest of the 
full period, will be an invalid test as a result 
of data mining. For my particular applica- 


104 description of the sign test can be found in W. J. 
Dixon and A. M. Mood (1946). 
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tion, the question is whether the behavior of 
the exchange rate over 1981-84 was too 
extreme to have plausibly occurred by 
chance, under the null hypothesis, control- 
ling for data mining from the post-1972 
period of flexible exchange rates. 

There is no simple procedure for obtain- 
ing a properly adjusted significance level for 
the apparent negative median of x, over 
1981-84. At the time of writing, the pound 
sterling has floated against the dollar for 
twelve years and eleven months,'! giving a 
full sample period of 155 months.!2 There 
are thus just over three independent four-year 
subperiods and it is straightforward to adjust 
the significance level for choosing the “most 
significant” of several independent tests. In 
general, if a is the smallest significance level 
of n independent tests, then the true over- 
all significance level a is given by a=1— 
(1 — a)”. But, of course, there are 108 four- 
year periods if we are permitted to start in 
any month. Indeed, there is no reason to 
limit ourselves to four-year periods, since 
this choice was dictated by the data, and 
thus we should allow for tests calculated 
from one-year, two-year, and so on up to 
twelve-year periods. 

Since test statistics based on partially 
overlapping subperiods will be correlated, 
there is no simple way of adjusting the nomi- 
nal significance level to obtain the true sig- 
nificance level. It can be shown that an 
upper bound for the overall significance level 
of n tests at nominal level a is na. However, 


1! The pound floated against the dollar in June 1972. 
By May 1973 the dollar was floating against most other 
major currencies. It should also be noted that, since 
1947, exchange controls in varying degrees have been 
applied to U.K. residents until controls were finally 
abolished in October 1979. However, non-U.K. resi- 
dents have been free to switch between sterling and 
dollars since 1958 (A. R..Prest and D. J. Coppock, 1984, 
pp. 133, 152, and 169). Hansen and Hodrick (1983) 
argue that until January 1976 there existed a transi- 
tional period in which agents may have anticipated a 
return to fixed exchange rates. Any such arguments, 
which reduce the effective period of freely floating ex- 
change rates, strengthen the test results found in this 
paper. 

12 The choice of monthly data was motivated by the 
need to find matching data for the exchange rate, for- 
ward rate, interest rates, and commodity prices. 
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in this case, where n is very large and where 
the tests under consideration are obviously 
highly correlated, the use of this bound would 
severely overinflate the true significance level. 

The general procedure adopted in this 
paper is to directly estimate the overall sig- 
nificance level using a Monte Carlo study. 
This technique is particularly suited to the 
problem at hand since, in the case of the sign 
test, there are no unknown parameters on 
which the test statistic depends. In order to 
carry out the technique, however, I must first 
choose an appropriate test statistic, and again 
this is not obvious. For any particular sub- 
period, the absolute value of the deviation of 
the number of positive signs from half the 
number of observations in the subperiod is 
the appropriate statistic. But, given this sta- 
tistic for numerous subperiods of varying 
lengths from the overall sample, how do we 
combine them to obtain an overall test sta- 
tistic? This also is a question best answered 
by a Monte Carlo experiment which leads 
to the two-step procedure which I now 
describe. 

In step 1, 10,000 random samples of 155 
plusses and minuses were constructed (corre- 
sponding to the number of monthly data 
points over the flexible rate period), where 
each plus or minus was generated with prob- 
ability of one-half." For each sample of 155 
observations, the statistics z,,...,2,, were 
calculated where, for k =1,...,12 years, 


z, = Max N, 


where N, is the absolute value of the num- 
ber of plusses less the expected number of 
6k and where the maximization is carried 
out over every k year subperiod in that 
sample of 155 months. Thus z, is the most 
extreme deviation from the null hypothesis 
found in any k year subperiod. The restric- 
tion to whole year subperiods was made to 
reduce the computational burden, but the 
subperiods were allowed to begin in any 
month. This step of the Monte Carlo study 


13Random numbers were computed using the NAG 
library pseudo-random number generator. This has a 
cycle length of 27. A total of 3.1 million random 
numbers were required for this study. 
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TABLE 1— CUMULATIVE DISTRIBUTION OF Z} 
Subinterval Length: k Years 
Zk 1 2 3 4 $ 6 7 8 9 10 11 12 
0 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 
1 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 
2 10000 10000 10000 10000 10000 10000 9999 10000 9998 9987 9936 9663 
3 9978 9996 9987 9992 9984 9980 9964 9927 9842 9667 9333 8561 
4 8348 9694 9770 9744 9735 9656 9585 9376 9152 8729 8179 7273 
5 3033 7789 8682 8818 8854 8731 8539 8314 7941 7418 6838 6043 
6 353 4460 6384 7050 7257 7270 7203 6975 6570 6134 5581 4913 
7 - 1808 3883 4957 5409 5568 5616 5420 5170 4875 4466 3957 
8 - 566 1950 3037 3620 3967 4110 4063 3985 . 3802 3538 3100 
9 - 119 801 1685 2290 2662 2863 2947 2916 2863 2673 2348 
10 - 13 278 807 1307 1657 1902 2046 2081 2073 1977 1756 
11 - 2 97 363 687 1000 1210 1368 1450 1429 1386 1268 
12 - 0 28 132 334 584 748 868 961 973 971 891 
13 - - 11 42 139 292 423 520 604 648 653 588 
14 - - 3 20 58 145 218 294 348 392 429 400 
15 - - 0 4 23 60 111 158 199 243 268 260 
16 - - 0 1 7 22 51 80 112 144 158 163 
17 - - 0 0 2 7 23 37 62 84 93 98 
18 - - 0 0 0 3 8 19 27 48 58 50 
19 - - - 0 0 0 4 13 15 25 37 30 
20 - - - 0 0 0 3 4 6 12 15 21 
21 - - - 0 0 0 1 3 3 6 10 8 
22 - - - 0 0 0 0 1 3 3 4 6 
23 - ~ 0 0 0 0 1 1 1 2 4 
24 - - - 0 0 0 0 0 1 1 1 3 
25 - - - - 0 0 0 0 0 0 1 1 
26 - ~ - - 0 0 0 0 0 0 0 1 
27 - - - - 0 0 0 0 0 0 0 0 





Note: For each subperiod of k years, the table provides a,(z,), the number of times the value z, was attained or 


exceeded in 10,000 simulations of 155 months each. 


thus generated 10,000 values of z, for each 
k =1,...,12, and the cumulative distribution 
a,, where for each k, a,(z,) is the number 
of times z, was obtained or exceeded, is 
provided in Table 1. Thus a,(z,) represents 
the nominal significance level of test statis- 
tics based on subperiods of length k years. 
Finally, for each sample, let 


Y= Mina;,(z,), 


that is, where the minimization is carried out 
over the nominal significance levels of the Zk 
statistics for k =1,...,12. The statistic Y is 
the natural overall test statistic to use to look 
for alternatives H,. The statistic Y repre- 
sents the most extreme value for the 576 
subperiods considered, with low values of Y 
indicating greater deviations from the null 
hypothesis. To calculate the true significance 


level of a test based on Y we need the 
distribution of Y. This is found in step 2. 
Thus 10,000 new random samples of 155 
plusses and minuses were generated. Using 
Table 1, for each random sample the value 
of Y was calculated. The cumulative distri- 
bution of Y was then calculated and this is 
given in Table 2. 

To carry out this test using data on x,, 
t=1,...,155, one can calculate the z}, k = 
l,...,12, from the signs of x, and compute Y 
using Table 1. Table 2 then provides an 
estimate of the true significance level for the 
observed Y. Alternatively, one calculates z, 
for a suspect subperiod and uses the tables 
to find the corresponding Y and an upper 
bound on the true significance level. This 
test is so constructed that full protection is 
provided against data mining within the 
sample. Furthermore, there is no small sam- 
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TABLE 2— SIGNIFICANCE LEVELS FOR 
DISTRIBUTION OF Y 


Significance Significance 

y Level y Level 

0 0.0002 111 0.0269 

1 0.0005 112 0.0283 

2 0.0009 119 0.0335 

3 0.0011 132 0.0369 

4 0.0015 139 0.0396 

6 0.0022 144 0.0412 

7 0.0027 145 0.0427 

8 0.0029 ` 158 0.0452 
10 0.0030 163 0.0480 
11 0.0037 199 0.0513 
12 0.0041 218 0.0534 
13 0.0057 243 0.0553 
15 0.0061 260 0.0594 
19 0.0063 268 0.0620 
20 0.0067 278 0.0707 
21 0.0073 292 0.0743 
22 0.0078 294 0.0776 
23 0.0090 334 0.0814 
25 0.0094 348 0.0854 
27 0.0099 353 0.1070 
28 0.0108 363 0.1106 
30 0.0110 392 0.1156 
37 0.0119 400 0.1213 
42 0.0135 423 0.1248 
48 0.0143 429 0.1267 
50 0.0149 ` 520 0.1312 
51 0.0159 566 0.1486 
58 0.0182 584 0.1538 
60 0.0187 588 0.1602 
62 0.0195 604 0.1643 
80° 0.0205 648 0.1675 
84 0.0213 653 0.1708 
93 0.0224 687 0.1773 
97 0.0247 748 0.1832 
98 0.0259 801 0.2012 


Note: Significance level is the estimated probability of 
obtaining a value of Y less than or equal to y. 


ple bias since the test is based on a Monte 
Carlo study rather than asymptotic results.’* 


B. Discussion of Risk Adjustment 


Before describing the results of the test, I 
return to the issue of risk. Although, as 


MThis may be a significant advantage. The small 
sample bias of asymptotic approximations to some non- 
parametric statistics can be important, particularly in 
the tails, and the continuity correction does not neces- 
sarily improve the approximation (see E. L. Lehman, 
1975, pp. 16-17). 
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mentioned in the introduction, there is evi- 
dence of a nonzero risk premium, I initially 
give the results of applying the test just 
described to the unadjusted series, x,,,= 
5,41—f,, for the following reasons: 

(i) There is by no means a unanimity of 
opinion on the existence of risk premia. For 
example, Jeffrey Frankel (1982) estimated a 
model using a portfolio balance approach 
and was unable to reject the hypothesis of 
risk neutrality. 

(ii) Tests rejecting simple efficiency are 
usually based on asymptotic results. Al- 
though large data sets are in fact being used, 
these typically involve several correlated ex- 
change rates and overlapping data subject to 
serial correlation, making the effective sam- 
ple size much smaller. If the underlying dis- 
tribution has high kurtosis and, as suggested 
in this paper, is nonsymmetric, one would 
expect the small sample bias to be ex- 
acerbated. Related points are discussed by 
W. S. Krasker (1980), Craig Hakkio (1983) 
and Robert Korajezyk (1985). 

(iii) The deviations between the for- 
ward and expected future spot rates, usually 
attributed to risk premia, are small com- 
pared to the difference between forward and 
actual future spot rates. For example, Table 
1 of Lars Hansen and Robert Hodrick (1983) 
obtained an R*=0.095 in the case of the 
sterling-dollar exchange rate for a regression 
of X,41=5,41—f, on eight regressors. Fur- 
thermore there appears to be general agree- 
ment that the unconditional expected value 
of x, is 0. 

(iv) There is no agreement on the ap- 
propriate empirical model of the risk pre- 
mium. Thus any specific adjustment for risk 
will be subject to some criticism. 

(v) There does not appear to be any 
persuasive reason, under the null hypothesis 
of no bubbles, for believing that the pound 
sterling was considered to be less risky on 
average than the dollar over the 1981-84 


15Another technical problem concerns the treatment 
of nonstationarity in some tests. Considering the related 
issue of risk premia in the term structure of interest 
rates, Gary Shea (1985) found that the simple expecta- 
tions hypothesis could not be rejected when the model 
was estimated using fractional difference methods. ` 
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subperiod. This is the direction of correction 
required if risk is to explain the predomi- 
nance of negative returns to holding sterling 
during this period. 

These considerations suggest that it would 
be best to apply my test both to the un- 
adjusted series for excess returns and to a 
risk-adjusted series. In the remainder of this 
section, I describe the results of the test for 
the unadjusted data. 


C. Test Results 


Table 3 presents point in time monthly 
data, 1981-84, for the U.S. dollar price of 
the U.K. pound sterling and for the realized 
value of x,, the excess return to holding a 
one-month forward contract to buy sterling, 
expressed in percent per month. The data 
were collected from the Financial Times and 
refer to the last working day of the month. 
See the Data Appendix for further details. 
For comparison, the x, series was also com- 
puted from (2) using one-month Euro- 
currency rates. The results (not shown) 
exhibited a close correspondence and, in 
particular, the sign of x, for every month 
was identical for the two methods of calcula- 
tion. 

During this 48-month period, the x, series 
was positive in 9 months and negative in 39 
months, providing a value of z,=15. From 
Table 1, we see that this corresponds to a 
value for the test statistic of Y=4. The 
significance level of this result, obtained from 
Table 2, is estimated to be 0.0015. Thus the 
null hypothesis of a zero median for x, over 
the full period of floating can be rejected, 
against the alternative of a negative median 
over the 1981-84 period, at very low signifi- 
cance levels. 


If. Risk Premia 


Can the results of the previous section be 
explained by risk premia?! The modeling 


16 Another conceivable explanation of the results is 
transactions costs. Given the size of the exchange rate 
movements over this period, the existence of transac- 
tions costs does not appear to be a credible explanation. 
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of risk premia in foreign exchange has 
been investigated, inter alia, by Frankel 
(1982), Hansen and Hodrick (1983), Hodrick 
and Sanjay Srivastava (1984), Korajezyk 
(1985), and Nelson Mark (1985). For the 
purposes of this paper, the most convenient 
method for correcting for risk is given by 
Korajezyk. All of the other methods require 
the estimation of parameters using specific 
models of risk.” 

Two-country dynamic general equilibrium 
models with risk-averse agents of the type 
examined by Robert Lucas (1982) and others 
generate expressions specifying how bond 
risk premia are incorporated into real inter- 
est rates and can be used to obtain formulae 
for the risk premium in the foreign exchange 
market. Provided deviations from purchas- 
ing power parity satisfy the martingale prop- 
erty, it can be shown that the risk premium 
separating the forward price of foreign cur- 
rency and the expected future spot price is 
equal to the difference between the expected 
real interest rates on default-free nominal 
bonds denominated in the two currencies.'8 

The simple efficiency condition (1) is thus 
replaced by the condition 


oy = * WH. 
(4) E841 f) = Erä Efi 

eaten a * oe pK 
where Ney l AD, +1; Nay ley Apa 


and p, and p* are logarithms of domestic 
and foreign price indices. Korajezyk found 


The average excess return to holding dollar rather than 


sterling interest-bearing accounts over 1981-84 was 
1.595 percent per month, i.e., an annual rate of 19.14 
percent. Since brokerage costs for currency conversion 
are quite small for large sums of money, and since they 
need only have been incurred twice, transactions costs 
would clearly have been quite minor compared to the 
gain of such a switch for, say, a year or more. 

17Furthermore, Frankel’s estimates were consistent 
with risk neutrality; two models considered by Hansen 
and Hodrick incorporated restrictions rejected by the 
data; the third model considered by Hansen and 
Hodrick was found by Hodrick and Srivastava to be 
rejected by the data; and Mark’s estimates of the key 
risk-aversion parameter show enormous variation in 
magnitude depending on the detailed implementation. 

18 This result, which is derived in Korajczyk, was also 
stated in Hodrick and Srivastava, fn. 5. Further refer- 
ences are provided in both papers. 
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TABLE 3—-EXCEss RETURNS TO HOLDING STERLING 


Date Spot, x, Š, 
12/80 2.3910 

01/81 2.3670 — 1.40537 — 1.25349 
02/81 2.2050 — 7.38488 — 7.24246 
03/81 2.2445 1.51735 2.52236 
04/81 2.1405 — 4.95351 — 2.57442 
05/81 2.0700 — 3.79193 — 3.51709 
06/81 1.9305 — 7.48292 — 7.26054 
07/81 1.8415 — 5.28804 — 5.47266 
08/81 1.8490 — 0.11892 0.33561 
09/81 1.8050 — 2.77553 — 2.85732 
10/81 1.8600 2.93514 3.63439 
11/81 1.9550 5.06205 5.72062 
12/81 1.9100 — 2.00593 — 1.96500 
01/82 1.8810 ~ 1.37277 — 1.33888 
02/82 1.8215 — 3.22496 — 3.53168 
03/82 1.7820 ~ 2.26375 —1.24831 
04/82 1.7940 0.47493 2.20369 
05/82 1.7905 ~ 0.35124 — 0.49467 
06/82 1.7435 —2.77167 — 3.63136 
07/82 1.7380 — 0.54225 — 0.86245 
08/82 1.7170 — 1.26167 — 1.40198 
09/82 1.6945 — 1.31618 — 1.55394 
10/82 1.6770 — 1.08237 — 0.83443 
11/82 1.6235 — 3.24520 — 2.60923 
12/82 1.6175 — 0.29940 — 0.16254 
01/83 1.5200 — 6.12127 — 6.35737 
02/83 1.5150 — 0.16488 0.00571 
03/83 1.4835 — 1.85330 — 1.96748 
04/83 1.5605 5.14451 5.81921 
05/83 1.6045 2.90563 2.66080 
06/83 1.5340 — 4.40917 — 4.58661 
07/83 1.5210 — 0.85433 — 0.73273 
08/83 1.4940 — 1.83383 — 1.70438 
09/83 1.4970 0.17049 0.14369 
10/83 1.4955 — 0.09023 — 0.02817 
11/83 1.4630 ~ 2.23391 — 2.02398 
12/83 1.4515 — 0.86091 — 0.67521 
01/84 1.4015 — 3.56399 — 4.12883 
02/84 1.4905 6.11761 6.09640 
03/84 1.4425 — 3.34381 — 3.19791 
04/84 1.3985 — 3.24669 — 2.26886 
05/84 1.3855 — 1.13037 — 0.87848 
06/84 1.3565 — 2.30640 — 2.22165 
07/84 1.3075 ~— 3.93311 — 4.12599 
08/84 1.3085 0.12619 0.58454 
09/84 1.2350 — 5.86507 — 6.09918 
10/84 1.2210 ~—1,19270 — 0.79855 
11/84 1.1980 — 1.82793 — 1.59381 
12/84 1.1590 — 3.24697 — 3.46695 


Notes; Date is last working day of the month; Spot, is 
U.S. dollar price of the U.K. pound sterling; x, is 
excess return to holding sterling calculated according to 
(1), expressed as percent per month; x, is risk-adjusted 
excess return to holding sterling calculated according to 
(5), expressed as percent per month. 
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that deviations from (1) were consistent em- 
pirically with the reformulation (4). 

To conduct my test for speculative bub- 
bles, allowing for risk premia, I should sub- 
tract expected real interest rate differentials 
from the series for x, Unfortunately, ex- 
pected real interest rates are not observable. 
While they could be estimated by a time- 
series model, a simpler procedure is to note 
that (4) implies 


(5) E,X.41=9, 


where X14. = S41 —-fit hai mM 

and that it is straightforward to apply the 
test of the preceding section to the risk- 
adjusted excess returns X,,,, calculated using 
ex post real interest rates. The cost of con- 
ducting the test using ex post differentials in 
real interest rates rather than ex ante dif- 
ferentials is a possible reduction in the power 
of the test since X,,, includes noise from 
unforecastable changes in goods prices.!? 
However, in view of the strong results of the 
preceding section, this potential cost would 
appear to be acceptable. 

The final column of Table 3 gives the 
monthly series for ¥, over 1981-84, calcu- 
lated according to (5) using one-month dol- 
lar and sterling Eurocurrency rates for i, 
and i*, and one-month changes in the U.S. 
Consumer Price Index and the U.K. Retail 
Price Index for p, and p*.”° The risk adjust- 
ment changes the sign of excess returns from 
negative to positive in 2 of the 48 months, so 
that z,=13 for the 1981-84 subperiod.”! 
According to Table 1, this corresponds to 
Y=42. The overall significance level, ob- 


19 Nominal interest rates for the coming period are 
included in the information set. 

VAs noted by Korajezyk, the price indices provide a 
better measure of goods prices midmonth, so that there 
is some mismatch of timing in the calculation of X,. 

1Again, there are two ways to calculate X,. Using 
covered interest arbitrage, it follows that X41 = 5,4) 
=s, + Ap*,,—Ap,41, so that X, is simply the change 
in the real exchange rate. For comparison, X, was 
recalculated using this formula and found to match 
closely the series given in Table 3. For every month the 
sign of X, was the same for both methods of calcu- 
lation. 
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tained from Table 2, is 0.0135. Thus, al- 
though the risk adjustment does lead to a 
higher significance level than when the test is 
applied to the unadjusted series, there is still 
very considerable evidence against the null 
hypothesis of a zero median for risk-adjusted 
excess returns and in favor of a negative 
median over the 1981-84 period. 


IH. Possible Interpretations 


The results of the previous two sections 
constitute strong evidence, according to my 
definition, of an empirical speculative bub- 
ble in the dollar-sterling exchange rate over 
1981-84. Apart from type I error, there are 
three possible explanations for the finding: 
(i) bootstrap equilibria (rational bubbles); 
(ii) nonsymmetric innovations in fundamen- 
tals; and (iii) nonrational or disequilibrium 
expectations. 

These points can be made clearly by ex- 
amining a simple exchange rate model, 
adapted from a continuous time model of 
Flood and Garber (1982), and used here for 
expositional purposes only. The economy is 
described by the following three equations: 


(6) m,— p,=at by,- ci,1, 
(7) i5 if t$a So 
(8) P= Pt So 


where m is the logarithm of the domestic 
money supply, y is the logarithm of domes- 
tic output, and other variables have been 
previously defined. Equation (6) is the mon- 
ey market equilibrium equation, and b and c 
are positive parameters. (7) is the arbitrage 
equation, and $,,, denotes the expected 
value for the spot exchange rate in period 
t +1 held by agents in period ¢. Under ra- 
tional expectations §,,, = E,s,,;. For sim- 
plicity, I assume zero transactions costs and 
risk neutrality. (8) states that purchasing 
power parity holds in every period. 

Solving (6)-(8) for s,, we obtain 


(9) 5, = bS, 1 + Vp 


where 0<6@=c(1+c)~!<1 and v,=(1+ 
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c)"(m,— p* — a — by, + ci*,).- Under ra- 

tional expectations, the solution which I have 

referred to as the “market fundamentals” 

solution is 

2 x 

(10) 5,= 2 O'E Viis 
i=0 


providing this sum converges. Assume that 
v, is exogenous and has a (stationary or 
nonstationary) ARMA representation in a 
symmetric white noise innovation e, that is, 
F(L)v, = G(L)e, where L is the lag operator 
and where e, is a white noise disturbance 
with median 0. The innovation in §, is given 
by 


S41 7 E S+ o 


fe a] 
g~ > OE 0.4 = Ebi) 


i=l 


Since the revision in the expectation of v,,; 
must simply be proportional to e,,,, that is, 
Ey 410445 — EVit; = GE 41, We have 


ioe) 
+ =F =|- i 
Sy4-1 E,Sy44 = [o L ae 


i=1 


It follows that s,,,—£,5,,, has median 0 
and that 


Pri X51 2 0] i Pr[s, 1- ES, 0] =1/2, 


where Pr stands for the probability condi- 
tional on information available at time `z. 
Hence x,,, has zero conditional median 
providing expectations are rational, the ex- 
change rate is determined by the fundamen- 
tals solution, and innovations in the funda- 
mentals are symmetric. 


A. Bootstrap Equilibria 


Consider, now, solutions to (9) other than 
(10). Blanchard and Watson point out that 
such solutions, which they term “rational 
bubbles,” may result in a tendency towards 
runs (a nonzero median) though this is not 
necessarily the case. The rational expecta- 
tions solutions to (10) can always be written 
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in the form s,=5,+c, where c, satisfies 
c,= GE,c,,,. An asymmetry in the innova- 
tion of the bootstrap or bubble term, c,, can 
lead to an asymmetry in the innovation of s,. 
As an example they discuss the solution 
given by 


por (70) c, +y, with prob. 7 
' H: with prob. 1-7 


where p, satisfies E,_,p,=0. It follows from 
their analysis that if p, is symmetric, and if 
the innovations in market fundamentals are 
symmetric, then the conditional median of x, 
will be nonzero for 1/2 < m <1. Essentially 
the small probability of a large crash is 
balancing the likelihood of a continuation of 
the bubble. It should be noted that u, may 
either be a function of the innovation in the 
fundamentals, or be a variable which is 
wholly independent of the fundamentals (in 
which case the solution is often called a 
“sunspot” equilibrium). 


B. Asymmetric Fundamentals 


A second possibility is that the fundamen- 
tals themselves may have nonsymmetric in- 
novations. Suppose that v,=v* + e,, where 
e, is a symmetric white noise disturbance, 
and that Av* = gw,, where uf is given, where 
w =1 and where 


_ | Ori 
“= {5 


The 0—1 variable w, may be thought of 
as modeling a permanen regime change. 
Since E,o*, ,.., = Evi t 8E, @,4;41, We have 
E,vux, = uk + gril —a)(1—7'), from 
which it follows that the fundamentals solu- 
tion is given by 


with prob. 7 
with prob. 1-7. 


(1—0) tvt + gn0(1—0) 
5,={ x(1-Or) "+e, if w,=1, 
(1-6) ot +e, if w,=0. 


Once the permanent regime change to w = 0 
has occurred, the distribution of 5, is sym- 
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metric. However, it is straightforward to 
show that Pr[5,,,—- E,5,,, 2 0] > 1/2 if 1/2 
<a<l1 as long as w,=1. Thus if agents 
believe, for example, that there is a small 
probability of a regime change in any given 
period, such as a permanent shift in mone- 
tary policy, but a high probability that such 
a change will eventually occur, then this will 
induce a highly nonsymmetric conditional 
distribution to 5, and hence a nonzero condi- 
tional median to x,. In this case it would be 
natural to say that there is a bubble in the 
fundamentals. 


C. Nonrational Expectations 


The final possibility is that expectations 
are not rational in the strict sense of being 
conditionally unbiased.” The specific possi- 
bilities run the range from transitional devia- 
tions as agents learn about the model as in 
Taylor (1975) to the more dramatic depar- 
tures of the sort described in Charles Kindle- 
berger (1978). 

Suppose that the fundamentals follow a 
random walk with drift, that is, Av, = d + £, 
so that 


5,=(1-0)"70d+(1-6)~*b, 


Suppose also that at time ¢=0, the drift d, 
which is not directly observable, falls to d”. 
If expectations initially remain at 3,,,=5, 
+(i—6)"'d then s,=(1-6)~70d +07 
0) w, where Av, =d’ te, and it follows”? 
that Pr{x, 412 > 0} <1/2. If forecasts are re- 
vised on the basis of recent data as their bias 
becomes recognized, then expectations may 
eventually converge to the new rational fore- 
cast function. However, until convergence 
has been achieved, we can expect x, to have 
a negative conditional median and mean. 
The existence of such nonrational expecta- 
tions does not require imperfect. knowledge 


224 llowing for risk, I would restate this last possibil- 
ity as E,X,,, # 0. The views of John Bilson (1981) seem 
to belong to this category. Bilson has argued that the 
foreign exchange markets are inefficient in the sense 
that trading strategies can be developed which are too 
profitable to be explained by compensation for risk. 

231 assume that f, = $,,, so that x41 = 5,417 yan 
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of the true model. Suppose that, at £= 0, 
d is reduced to d = 0 as a result of a govern- 
ment policy which is announced, fully credi- 
ble, and actually adhered to. But, suppose 
that individually rational agents are not con- 
fident that other agents will immediately and 
fully adjust their expectations, either because 
they do not believe that other agents are 
rational (or that other agents believe that 
they are rational), or because they are not 
confident that other agents find the an- 
nounced policy credible. Then again expec- 
tations will be biased, and, although they 
may well converge to equilibrium, it is likely 
that the mean and median of x, will be 
negative during the transition. Arguments of 
this sort are extensively discussed in the 
volume edited by Roman Frydman and 
Edmund Phelps (1983). 

As a final example, suppose that v, is 
symmetric white noise and that agents be- 
lieve the spot rate is following the path 


7 B+6t+v, fort=0,...,.7-1 
se v, for t >T. 


With $,,; computed on this assumption, the 
actual path followed by s, will be 


_ {9(B +8) + 66t + v, for t=0,..., 7-2 
ae v, fort>T-1. 


It is easy to check that the conditional 
median and mean of x, will generally de- 
viate from zero for t =0,..., T —1. However, 
for 6 near 1, ô small and appropriate choice 
of 8, the expectations of agents will not be 
badly erroneous except that the price will 
collapse one period earlier than expected. 
This example suggests that there may be a 
wide class of “near rational” solutions.” 


D. Discussion 


Is it possible to distinguish between the 
three types of bubbles just described? It 


24An interesting question is whether there exist near 
rational solutions in the more precise sense of George 
Akerlof and Janet Yellen (1985). 
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would appear to be very difficult. One might 
hope to detect nonrational bubbles by tests 
based on the mean of x,. However, the de- 
tection of a nonzero mean will be difficult 
for two reasons. First, if the deviation from 
rationality occurs over only part of the sam- 
ple period, then techniques analogous to 
those of this paper must be developed for 
the sample mean. Second, most tests based 
on the mean assume a symmetric distribu- 
tion, yet rationality is consistent with skew 
distributions. Furthermore, it is clear that a 
highly skew distribution of x,, whether the 
result of a bootstrap solution or of a bubble 
in the fundamentals, can statistically mimic 
irrationality. Since an apparent bias over a 
limited period of time can always be ex- 
plained by the possibility of a rare large 
event of opposite sign, it may be impossible 
to develop a statistically powerful test to 
detect transitory irrationality.’ Indeed, for 
conjectured rare or unique events, it may be 
impossible to define the objective probability 
distribution, making it difficult to distinguish 
conceptually between rational and irrational 
expectations. 

Distinguishing between the types of ra- 
tional bubbles also presents considerable dif- 
ficulties. In a somewhat different context, it 
has been argued by James Hamilton and 
Charles Whiteman (1985) that apparent evi- 
dence of what I have referred to as a 
bootstrap equilibrium can be reinterpreted 
as having arisen from a suitable specification 
of fundamentals which are unobserved by 
the econometrician. The above examples il- 
lustrate this point for the case at hand. The 
negative median for x, over 1981-84 could 
equally well be explained by a bootstrap 
bubble in which the run of negative returns 
on holding sterling was compensated by the 
possibility of a collapse of the dollar or, say, 
by the discounting of a strong U.K. output 
boom, expected to eventually occur but not 
fully realized during the period. Distinguish- 


?5There appears to be little point examining the x, 
data for skewness over 1981-84. A finding of skewness 
would still be compatible with irrationality. An ap- 
parently symmetrical empirical distribution would still 
be compatible with theoretical skewness if the latter is 
due to rare possibilities not actually observed. 
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ing empirically could be particularly difficult 
since a bootstrap equilibrium can be a func- 
tion solely of fundamentals. 

Nevertheless, imposing rationality is a re- 
striction and assuming a fundamentals solu- 
tion is an additional restriction. What is 
clear from the above discussion is that dis- 
tinguishing between the competing explana- 
tions for a bubble given above can only be 
attempted within the context of a complete 
model of the exchange rate.” 


IV. Conclusions 


This paper has developed a test for a type 
of abnormality in excess returns which we 
have taken to define a bubble. In particular, 
I have defined a speculative bubble as occur- 
ring during any subperiod in which the 
(risk-adjusted) excess return on holding an 
asset has a nonzero median. This definition, 
while not conventional, is a natural use of 
the term, since it implies a tendency toward 
an abnormal number of positive or negative 
excess returns and has the advantage of being 
directly testable from data on excess returns. 
Indeed, with speculative bubbles so defined 
in terms of this measure of the central ten- 
dency of excess returns, it is possible to test 
for bubbles using nonparametric methods 
and without assuming any particular model 
of the exchange rate. The principal statistical 
complication, treated in this paper, is the 
necessity to develop a procedure for detect- 
ing a nonzero median over only part of the 
whole sample period. Equivalently, we may 
think of this as a procedure which controls 
for data mining. 

When applied to the sterling-dollar ex- 
change rate this test detects the presence of a 
negative median excess return on holding 


?6After completing this paper, I became aware of 
Richard Meese (forthcoming) and Frankel and Kenneth 
Froot (1985). Meese considers various evidence for ra- 
tional bubbles (i.e., bootstrap equilibria) in foreign ex- 
change markets, focusing on a specification test which is 
conditioned on a particular model of the exchange rate. 
Frankel and Froot construct an account of the 1981-84 
period, partly in terms of irrational speculation, which 
provides one possible explanation of the empirical find- 
ings of this paper. 
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sterling rather than dollar assets over the 
1981-84 period. After carefully controlling 
for possible data mining from the full period 
of flexible rates, the significance level of the 
test is 0.0015 when using unadjusted excess 
returns and 0.0135 when an allowance is 
made for possible risk premia. The finding 
of a bubble during 1981-84 can be ex- 
plained by either nonrational expectations, 
bootstrap equilibria (i.e., rational bubbles) 
or nonsymmetric fundamentals. Distinguish- 
ing between these alternatives would be dif- 
ficult and will require a complete model of 
the exchange rate (which will then become 
part of the maintained hypothesis). An in- 
triguing open question is whether some vari- 
able can be found, whether interpreted as a 
fundamental or as a sunspot variable, which 
can explain the bubble found for the ster- 
ling-dollar rate during this period. 

Many other questions remain to be in- 
vestigated. The sterling-dollar rate was cho- 
sen for analysis because of the considerable 
discussion among policymakers in each 
country, at various times, suggesting that 
they believed the exchange rate between the 
currencies was out of line with its equi- 
librium value. Will empirical speculative 
bubbles be detected by these methods be- 
tween other currencies and in other assets??? 
It would be desirable to extend this type of 
test to a multivariate context so that the 
exchange rate system could be analyzed as a 
unit. More powerful versions of the test could 
be devised which make use of the magni- 
tudes of the changes or consider alternatives 
of multiple bubbles. Such extensions are 
nontrivial and must await further research. 


DATA APPENDIX 


Except as noted below, the spot U.S. dol- 
lar price of the U.K. pound sterling, its 


271t should be noted that if bubbles are of short 
duration, they will be difficult to detect. For example, if 
bubbles last 12 months, and only appear once every 13 
years, then they will be virtually undetectable using 
monthly data. From Tables 1 and 2, it can be seen that 
the significance level of a run of twelve negatives is only 
0.107. The data spoke clearly in this case becatise the 
bubble lasted 4 years. 
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one-month forward premium, and the ster- 
ling and U.S. dollar one-month Eurocur- 
rency interest rates were taken from issues of 
the Financial Times of London and refer to 
the last working day of the month. Exchange 
rate data were taken from the table labelled 
“Pound Spot and Forward” and refer to the 
market-closing price. Interest rate data were 
taken from the “Euro-Currency Interest 
Rates” table and refer to market-closing 
rates. In each case the figures used were the 
averages of the ranges given. The Financial 
Times was not published from June 1 to 
August 8, 1983, due to a printing dispute. 
For May 31, June 30, and July 29, 1983, 
equivalent figures were taken from the 
London Times. The U.S. Consumer Price 
Index for all urban consumers was taken 
from the April 1985 issue of Business Condi- 
tions Digest, Table 320, and the U.K. Index 
of Retail Prices for All Items was taken from 
Central Statistical Office publication Eco- 
nomic Trends, issues for May 1982 (Table 
18.8), May 1983 (Table 18.8), and May 1985 
(Table 18.1). 
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The Rigidity of Prices 


By DENNIS W. CARLTON* 


For many transactions, prices remain rigid for periods exceeding one year. Price 
rigidity is positively correlated with industry concentration. For several products, 
the correlation of price changes across buyers is low. The paper also investigates 
the relationship between price rigidity, price change, and the length of time a 
buyer and seller have been doing business. The evidence emphasizes the impor- 
tance of nonprice rationing and the inadequacy of models in which price move- 


ments alone clear markets. 


Economists focus on price as a mechanism 
to allocate resources efficiently. It is well 
recognized that inefficient resource alloca- 
tion could occur if prices are not free to 
adjust. Much of macroeconomics relies on 
some, usually unexplained, source of price 
rigidity to generate inefficient unemploy- 
ment. And in industrial organization there is 
a large literature on “administered” prices 
which fail to respond to the forces of supply 
and demand. Recently, there have been 
several attempts to explain price rigidity (see, 
for example, Arthur Okun (1981) and Oliver 
Williamson (1975)) and to develop a theory 
to explain why efficient resource allocation 
requires price to be unchanging or “rigid” 
(see, for example, my forthcoming paper and 
Robert Hall, 1984). Whether or not price 
rigidity is efficient, one common conclusion 
emerging from models with price rigidity is 
that markets with rigid prices behave very 
differently than markets with flexible prices. 
Therefore, an important unanswered ques- 
tion is, just how rigid are prices? Despite the 


*Graduate School of Business, University of Chicago, 
1101 East 58th Street, Chicago, IL 60637 and National 
Bureau of Economic Research. I thank the NSF and the 
Law and Economics Program at the University of 
Chicago for support. I thank Frederic Miller, Virginia 
France, Larry Harris, Deborah Lucas, and Steven Oi 
for research assistance. I also thank Claire Friedland 
and George Stigler for making these data available to 
me and for assisting me in their use. I thank Edward 
Lazear, Sam Peltzman, George Stigler, two anonymous 
referees, and participants at seminars at the NBER, 
Stanford, the universities of Chicago, Montreal, Penn- 
sylvania, and Virginia for helpful comments. 


great interest in this question, there have 
been virtually no attempts to answer it with 
data on individual transaction prices. 

The purpose of this paper is to present 
evidence on the amount of price rigidity that 
exists in individual transaction prices. Previ- 
ous studies of price rigidity have relied al- 
most exclusively on an examination of ag- 
gregate price indices collected by the Bureau 
of Labor Statistics (BLS).' The use of BLS 
data has been strongly criticized on the 
grounds that the BLS data are inaccur- 
ate measures of transaction prices. George 


' Stigler and James Kindahl sought to reme- 
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dy this deficiency by collecting price data on 
actual transactions. Stigler and Kindahl then 
showed that price indices of average transac- 
tion prices were more flexible than the BLS 
price indices. 

The difficulty with using indices is that 
they can mask the behavior of individual 
transaction prices. For example, suppose that 
two people buy varying amounts of com- 
modity A monthly for many years. Suppose 
that each buyer pays a constant price on 
each transaction for a period of several years, 
that when the price to one buyer changes, 
the price to the other buyer is unaffected and 
that the price rigidity that exists is more 
pronounced for a downward price move- 
ment. All of these facts could be perfectly 
consistent with a flexible aggregate price in- 


1 Research on prices includes the early and important 
work of Frederick Mills (1926), Gardiner Means (1935), 
and more recently, George Stigler and James Kindahl 
(1970). 
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dex as long as the amount purchased by 
each buyer varies from month to month. Yet 
the implication that many draw from a flexi- 
ble price index, namely that price is allo- 
cating resources efficiently, could be com- 
pletely inappropriate. Moreover, there are 
several interesting questions that cannot be 
answered by examining aggregate price in- 
dices. For example, how long do prices to a 
buyer remain unchanged, what is the rela- 
tionship between contract length and price 
rigidity, and how closely together do the 
prices to different buyers move? 

Using the Stigler-Kindahl data, I have ex- 
amined the behavior of individual buyers’ 
prices for certain products used in manufac- 
turing. My main conclusions are: | 

1) The degree of price rigidity in many 
industries is significant. It is not unusual in 
some industries for prices to individual 
buyers to remain unchanged for several years. 

2) Even for what appear to be homoge- 
neous commodities, the correlation of price 
changes across buyers is very low. 

3) There is a (weak) negative correlation 
between price rigidity and length of buyer- 
seller association. The more rigid are prices, 
the shorter the length of association. 

4) There is a positive correlation be- 
tween price rigidity and average absolute 
price change. The more rigid are prices, the 
greater is the price change when prices do 
change. 

5) There is a negative correlation be- 
tween length of buyer-seller association and 
average absolute price change. The longer a 
buyer and seller deal with each other, the 
smaller is the average price change when 
prices do change. 

6) There is no evidence that there is an 
asymmetry in price rigidity. In particular, 
prices are not rigid downward. 

7) The fixed costs of changing price at 
least to some buyers may be small. There are 
plenty of instances where small price changes 
occur. It appears that, for any particular 
product, the fixed cost of changing price 
varies across firms and buyers. 

_ 8) There is at best very weak evidence 
that buyers have systematic preferences 
across products for unchanging prices. 
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9) The level of industry concentration is 
strongly correlated with rigid prices. The 
more concentrated the industry, the longer is 
the average spell of price rigidity. 

The most startling finding to me is that for 
many products, the correlation of price 
changes across buyers is low. Some of the 
theories referred to earlier explain why this 
is likely to occur, especially for specialized 
goods. The fact that it occurs for what most 
economists (though not necessarily business- 
men) would regard as a homogeneous prod- 
uct emphasizes how erroneous it is to focus 
attention on price as the exclusive mecha- 
nism to allocate resources. Nonprice ration- 
ing is not a fiction, it is a reality of business 
and may be the efficient response to eco- 
nomic uncertainty and the cost of using the 
price system. (See my forthcoming paper.) 

Two general caveats deserve mention. 
First, a rigid price, by itself, does not neces- 
sarily imply an inefficiency. If supply and 
demand are unchanging, prices will be rigid. 
Moreover, even in a changing market, a 
fixed-price contract for a fixed quantity 
creates no economic inefficiency in the 
standard competitive model. If prices change 
subsequent to the signing of the contract, the 
buyer incurs a capital gain or loss, but his 
marginal price remains the same as every 
other buyer as long as the product can be 
readily bought and sold. However, if either 
the. buyer cannot readily resell his product, 
or if the buyer does not have a fixed quantity 
contract, then a fixed price may well lead to 
buyers facing different marginal prices. My 
understanding of the data I use is that the 
contracts typically leave the quantity un- 
specified, so that different buyers paying dif- 
ferent prices do indeed face different mar- 
ginal prices. Although this is inefficient in 
the standard competitive model, it need not 
be under more realistic assumptions that re- 
cognize the cost of making a market. (See 
my forthcoming paper. See also my 1978, 
1979, 1982, 1983 papers for analyses recon- 
ciling observed price behavior with market 
equilibrium.) But the finding of different 
prices and price movements to different 
buyers does emphasize the inadequacy of the 
simple market-clearing model. 
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Second, the time period I examine is one 
with relatively low levels of inflation. and 
herefore I have made no adjustment for it. 
Jowever, even if inflation were rampant and 
ull prices indexed so that no (nominal) price 
igidity existed, the main conclusion of the 
saper would stand as long as some of the 
ther empirical findings (such as the low 
vorrelation of price movements across buy- 
rs) continue to hold. The conclusion is that 
yrice alone is not allocating goods and that 
1ew theories are required to justify what 
ooks like non-market-clearing behavior. 

This paper is organized as follows. Section 
` describes the Stigler-Kindahl data and dis- 
usses measures of price rigidity. Section II 
inalyzes the characteristics of price rigidity 
‘ound in several general product groupings. 
section III investigates the relationship be- 
ween price rigidity, price change, and length 
xf buyer-seller associations. Section IV ex- 
mines whether buyers have systematic pref- 
srences for price stability across different 
yroducts. One criticism of using broadly de- 
ined product groups as the unit of analysis 
s that there is so much heterogeneity of 
sroducts within a single product grouping 
hat results can be biased. Therefore, in Sec- 
ion V, I redo the analysis for a select group 
of narrowly defined products. Section VI 
shows how to measure whether the prices to 
lifferent buyers move in concert and clas- 
sifies the various products according to how 
similar are price changes to different buyers. 
Section VII examines some specific impli- 
vations the results have for the prediction 
of price behavior. Section VIII examines 
whether there is any relationship of the vari- 
yus characteristics of price movements to the 
ndustry’s structural characteristics. 


I. The Stigler-Kindahl Data 


Stigler and Kindahl collected data mainly 
‘rom buyers on actual transaction prices paid 
‘or a variety of products. They tried to cor- 
rect for any explicit or implicit discounting 
and for any changes in the specifications of 
the product. Although there is undoubtedly 
some misreporting of prices, and some unre- 
corded product changes (for example, physi- 
zal characteristics, point of delivery, time of 
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delivery), it is the most accurate and com- 
prehensive data I know of on individual 
transaction prices. 

The buyers who report prices are typically 
firms in the Fortune 500. The identity of the 
seller is not known.” Typically, there is only 
scant information on quantity purchased, 
though it is believed that during the course 
of the reporting buyers were using the prod- 
uct regularly. Ideally, actual transaction 
prices are reported monthly. However, in 
several instances, prices are reported less 
frequently. A decision on how (or whether) 
to interpolate prices had to be made. 

If the price is unchanged between report- 
ings, I assume that the intervening price is 
also unchanged. If the price is not the same, 
then I create two different series. One method 
assumes a change in each unobserved month. 
The other assumes only one change over the 
entire period. For example, suppose that for 
January, the price is $10, and for April, it is 
$20 with missing reports for February and 
March. The first interpolation approach as- 
sumes that the price was $13.33 in February 
and $16.67 in March (ie., linear interpola- 
tion), while the second interpolation ap- 
proach assumes that the price changed to 
$20 in either February, March, or April. (It 
turns out that the results on length of rigid- 
ity are unaffected by which particular month 
is assumed for the price change in this sec- 
ond approach.) 

The period of observation is January 1, 
1957 through December 31, 1966. Few as- 
sociations between buyers and seller last for 


?The form in which the data exist do not allow 
conclusive determination that the buyer is dealing with 
only one seller. However, it is believed that only one 
seller is involved when the buyer is reporting prices 
pursuant to a contract. Furthermore, when prices re- 
main unchanged or when the specification of the good 
remains unchanged from observation to observation, 
the buyer is also likely to be dealing with only one 
seller. I thank Claire Friedland, who helped collect the 
original data, for helpful discussions on this matter. For 
expositional ease, I will regard each price series as 
arising from a transaction between one buyer and one 
seller. I will point out when this assumption would 
substantially alter the interpretation of the results. 
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the entire ten-year period, a point which I 
analyze later on. Transactions often take 
place under “contract” and the length of the 
contract (for example, semiannual, annual) 
is indicated. The Appendix provides ad- 
ditional information on each type of transac- 
tion. Many contracts specify neither a price 
nor quantity. They seem not to be binding 
legal documents, but rather more like agree- 
ments to agree. 

The commodities chosen for study were 
preselected by Stigler and Kindahl to con- 
tain many that others had claimed were 
characterized by inflexible prices. The com- 
modities are intermediate products used in 
manufacturing. Within broad commodity 
classes, finer product distinctions are made. 
So, for example, one can examine the gen- 
eral category of steel or a specific product 
category like carbon steel pipe less than 3 
inches in diameter. Even within fine product 
specifications, the individual transactions will 
probably not involve perfectly homogeneous 
goods. Therefore, I never compare absolute 
price levels across products, but instead look 
only at percentage changes in price and com- 
pare movements in percentage changes in 
price across buyers. 

There are a few instances where price series 
are believed to be list prices, and those prices 
have been excluded from the analysis. Also 
excluded are price series that contain incon- 
sistent information. For example, a series is 
excluded if the reporter claims to produce 
prices through 1965, but instead prices only 
through 1960 appear. For several transac- 
tions, the product undergoes a specification 
change. When this occurs, I treat the prices 
under the new specification change as a new 
transaction. 


Il. Analysis of Product Groups 


Table 1 describes the price rigidity present 
in the individual transaction prices by prod- 
uct group. The first column in Table 1 lists 
the type of product purchased. Column 2 
lists the number of buyer-seller pairings that 
are observed for goods of unchanged specifi- 
cation. (One pairing could last anywhere 
from 1 month to 10 years.) Column 3 lists 
the average duration of price rigidity. This 
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last figure is computed as the average length 
of spell for which price remains unchanged. 
For example, if the observations on monthly 
price were $5, $5, $5, $6, $6, $7, $7, $7, $7, 
the average rigidity would be three months. 
The procedure for calculating an average 
rigidity actually involves an underestimate 
since the price before the period of observa- 
tion may have been $5 and the price after 
the period of observation may have been $7. 
Calculations including and excluding the be- 
ginning and ending spells were done with no 
material change in the substantive interpre- 
tation of the results. The calculations in Ta- 
ble 1 are based on the second method of 
interpolation of prices (only one price change 
between missing observations—see Section 
I) and include the beginning and the end of 
each price series. Column 4 reports the 
standard deviation in the rigidity of prices. 
Column 5 reports the same estimate of price 
rigidity as in column 3, except that only 
“monthly” contract series are used. These 
series have fewer missing observations than 
the other types of transactions, hence much 
less interpolation is needed. (In fact, the 
results on rigidity for monthly contracts are 
similar for the two methods of interpolation.) 
If the implication of the numbers in column 
3 across commodities differ greatly from 
those in column 5, one might be suspicious 
of the interpolation used in column 3. I 
expect price flexibility of monthly contracts 
to exceed that of all other contract types, so 
column 5 really puts a lower bound on col- 
umn 3. ; 

To avoid misinterpretation of the results, 
it may be helpful to review a standard issue 
in duration analysis. Imagine that there are 
two observed transactions, each lasting for a 
one-year period and each involving the same 
size of monthly purchase. The first transac- 
tion involves a different price each month, 
while the second involves the same price 
each month. There are 13 spells of rigidity, 
12 of which last one month and one of which 
lasts twelve months. Based on spells, the 
average rigidity is 24+ 13 or 1.8 months with 
92 percent of the spells lasting one month 
and 8 percent lasting twelve months. Condi- 
tional on a price change just having oc- 
curred, the average time to the next price 
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TABLE 1— PRICE RIGIDITY By PRODUCT GROUP 














Average Average 
Average Dura- Standard Duration of Duration 
Number tion of Price Deviation Price Rigidity of Price 
of Buyer- Rigidity of Duration Monthly Rigidity 
Product Seller (Spells) (Spells) Contracts (Spells) (Transactions) 
Group Pairings* (Months) (Months) (Months) (Months) 
(1) 2) 8 @) (5) (6) 
Steel 348 13.0 18.3 9.4 17.9 
Nonferrous Metals 209 43 6.1 2.8 7.5 
Petroleum 245 5.9 5.3. 2.5 8.3 
Rubber Tires 123 8.1 12.0 7.8 11.5 
Paper 128 8.7 14.0 8.8 11.8 
Chemicals 658 12.8 10.7 9.6 19.2 
Cement 40 13.2 14.7 5.6 17.2 
Glass 22 10.2 12.1 8.5 13.3 
Truck Motors 59 5.4 6.3 3.7 8.3 
Plywood i 46 4.7 71 1.2 7.5 
Household : 
Appliances 14 3.6 3.6 2.5 5.9 





3A “pairing” means a transaction over time for a good of constant specification. 


change is 1.8 months. Yet, one-half of all 
goods sold involve a rigid price over the 
entire period. In other words, holding month- 
ly purchases constant, the analysis based 
on spells underestimates the fraction of goods 
sold with rigid prices. The results in columns 
3 and 5 utilize spells data. Therefore, even 
though I have no quantity information, I 
expect that these results underestimate the 
fraction of goods sold at rigid prices. 

In column 6, I calculate price rigidity using 
a transaction as the unit of analysis, not a 
“spell.” For each transaction, I calculate 
the average price rigidity, and then take an 
average (with each transaction weighted 
according to its length) over all transactions. 
Return to the earlier example of two transac- 
tions, each lasting one year, but one involv- 
ing 12 price changes and the other no price 
changes. An analysis based on transactions 
(not spells) would calculate average rigidity 
to be (1+ 12)/2 or 6.5 months, It is that type 
of calculation that is reported in column 6. 

Several interesting facts emerge from Ta- 
ble 1. In several industries, prices are on 
average unchanged over periods exceeding 
one year. The degree of price inflexibility 
varies enormously across products groups. 
Steel, chemicals, and cement have average 
rigidities exceeding one year while household 


appliances, plywood, and nonferrous metals 
have average price rigidities of less than five 
months. For any one product group the 
standard deviation of rigidity is quite high. 
In fact, the standard deviation tends to rise 
as the average duration of rigidity rises. The 
simple correlation and the Spearman Rank 
Correlation between the standard deviation 
and the average duration (cols. 3 and 4) are 
both above .80. This suggests (though does 
not prove) either that each product group 
presented in Table 1 contains heterogeneous 
products which differ widely in their price 
flexibility or that for even a homogeneous 
product a great heterogeneity in price flexi- 
bility is present.? 

Column 5 shows that using monthly con- 
tracts rather than all contracts does not 
change the basic implications of column 3 
regarding price rigidity across groups. Col- 
umn 6 shows that, as expected, the average 
of price rigidity rises when the unit of analy- 
sis is a transaction. Indeed, the results of 


3An alternative explanation is that price movements 
for the same product are similar across different trans- 
actions at any one instant but not across time. As we 
will see in Section VI, this explanation will turn out to 
be incorrect. 
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TABLE 2— FREQUENCY OF DURATION OF PRICE RIGIDITY FOR VARIOUS TYPES OF 
TRANSACTIONS BASED ON SPELLS OF PRICE RIGIDITY* 














Percent 
of all Number 
Type of Trans- of Pair- 0-3 4 Mo.- 1-2 2-4 Over 
Product Transaction actions ings? Months 1 Year Years Years 4 Years 
Steel Annual 3 11 Al ` AL .24 .22 .03 
Quarterly 53 185 .34 26 18 12 09 
Monthly 32 111 48 27 15 07 .04 
Nonferrous Metals Annual 4 8 "(16 69 12 .03 0 
Quarterly 19 40 61 .29 08 02 02 
Monthly 42 87 78 20 02 01 0 
Petroleum Annual 27 66 .20 69 07 04 0 
Quarterly 15 37 14 .23 02 .00 - 
Monthly 7 16 83 AS 02 0 - 
Rubber Tires Annual 26 32 19 72 07 OL 01 
Quarterly 37 45 34 48 Al .04 .04 
Monthly 20 24 A4 44 07 01 06 
Paper Annual 17 22 04 69 18 08 01 
Quarterly 2 3 17 42 29 .08 04 
Monthly 28 36 46 36 12 04 02 
Chemicals Annual 43 286 Al 58 17 .09 06 
Quarterly 11 72 37 .30 12 16 .04 
Monthly 20 134 53 27 09 .06 04 
Cement Annual 20 8 .04 18 13 .04 0 
Quarterly 50 20 19 27 23 14 .05 
Monthly 10 4 64 29 02 04 02 
Glass ` Annual 36 8 0 87 10 03 0 
Quarterly 9 2 .25 50 19 0 .06 
Monthly 41 9 51 22 18 09 0 
Truck Motors Annual 14 8 05 86 .09 0 0 
Quarterly 2 1 21 57 2h 0 0 
Monthly 58 34 69 .26 04 01 0 
Plywood Annual 0 0 0 0 0 0 0 
Quarterly - 96 44 64 .29 04 02 01 
Monthly 4 2 99 02 0 0 0 
Household 
Appliances Annual 21 3 0 82 18 0 0 
Quarterly 0 0 0 0 0 0 0 
Monthly 57 8 .78 .22 0 0 0 





*The numbers in the rows of the table may not add to one because of rounding. 4 
>The “Number of Pairings” is not the number of spells of price rigidity in all contracts. See the discussion 


preceding Table 1, and the footnote to Table 1. 


column 6 are striking in that they show that 
every product group has an average rigidity 
in excess of roughly six months, and that 6 
of the 11 product groups have average rigidi- 
ties of roughly one year or more. 

In Table 2, more detailed evidence is pro- 
vided on the time pattern of price rigidity by 
product group for three types of transac- 
tions. The three transaction types are month- 
ly, in which case the transaction occurred 
monthly (with no necessary future commit- 
ment), quarterly monthly in which case the 


transaction was monthly but was observed 
quarterly, and annual in which case the 
transaction was pursuant to an annual con- 
tract. For most product groups, these three 
types of transactions account for well over 
60 percent of all transactions. (See the Ap- 
pendix for a description of the various types 
of transactions that comprise the sample.) 
One important point to note about these 
transactions is that an annual “contract” 
rarely means a price change every twelve 
months, nor does a monthly contract mean a 
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price change every month. Although annual 
contracts do involve more rigidity than 
monthly ones, it is incorrect to think of 
contracts as inflexible price rules set at 
specified intervals. A more appropriate view 
is that they are flexible agreements that can 
be renegotiated when and if the need arises. 

The results in Table 2 show that, as one 
would expect from Table 1, the pattern of 
rigidity across product groups is highly 
varied. As a general rule, all. product groups 
for each of the three transaction types in 
Table 2 are characterized by spells of price 
rigidity that in the majority of cases last less 
than one year. Some commodities like non- 
ferrous metals and plywood are character- 
ized by very flexible prices with over 60 
percent of all spells in the monthly and 
quarterly monthly category lasting less than 
three months. On the other hand, there are 
definitely a substantial number of transac- 
tions involving very inflexible prices. For 
example, in steel, over 39 percent of the 
spells of rigid prices in the annual and 
quarterly monthly category (which com- 
prises over half of all the transactions in 
steel) last more than one year. Other com- 
modities with important transaction types 
showing fairly inflexible prices include paper, 
chemicals, cement and glass. In fact, a histo- 
gram analysis based on transactions (not 
spells) shows that 50 percent or more of all 
transactions involving steel, cement, chem- 
icals, or glass, have average rigidities of one 
year or more for frequently used contract 
types. 

As one would expect, the annual category 
involves less price flexibility than the quar- 
terly category which itself exhibits less flexi- 
bility than the monthly category. It is also 
interesting to note that even within a par- 
ticular product group and transaction type, 


there is a high degree of heterogeneity in | 


price flexibility. For example, for chemicals 
monthly, over 50 percent of spells.of rigidity 
are less than three months, but still a signifi- 
cant fraction (10 percent) involve spells of 
rigidity in excess of two years. This suggests 
that within any one product grouping, either 
the products sold are different, or the buyer- 
seller pairings have different properties, or 
the method chosen to allocate (i.e., price vs. 
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nonprice) across different pairings of buyers 
and sellers is simply different.4 

One issue frequently raised in discussions 
of price flexibility is the cost of making a 
price change (see, for example, Robert Barro, 
1972). There are many types of costs associ- 
ated with a price change. New price sheets 
have to be constructed, price information 
must be conveyed to buyers, buyers may find 
planning more difficult, buyers may distrust 
sellers if prices change often, search costs are 
higher if prices change often, and so on. The 
real question is how important are these 
costs. One way to address this question is to 
see how important small price changes are. 
Table 3 reports the percent of all price 
changes that are less than 1/4, 1/2, 1, and 2 
percent, in absolute value for the same prod- 
uct groups and transaction types reported in 
Table 2. 

Table 3 makes two points. First, very small 
price changes occur more often in monthly 
than in quarterly monthly or in annual 
transaction types. Second, and most im- 
portant, there are a significant number of 
price changes that one would consider small 
(i.e., less than 1 percent) for most commod- 
ities and transaction types. This finding pre- 
sents a bit of a puzzle if buyers are homoge- 
neous. Either the cost of changing price is 
small or the costs of being at the “wrong” 
price—even one off by 1 percent—are very 
high. Yet these explanations have difficulty 
explaining how it can be that some transac- 
tions seem to involve prices that do not 
change over long periods. Another explana- 
tion is that perhaps price does not need to 


Alternatively, the heterogeneity in spells could arise 
because supply and demand are changing over time. 
This last explanation turns out not to provide the full 
answer, as we shail see in Section VI. Moreover, a table 
analogous to Table 2, based on transactions, not spells, 
confirms the heterogeneity across transactions. 

Even if the fixed cost of changing price is small, one 
cannot necessarily rule out large welfare effects caused 
by this fixed cost. In a model with distortions, even 
small fixed costs can lead to large welfare losses. See, 
for example, N. Gregory Mankiw (1985) and George 
Akerlof and Janet Yellen (1985). Furthermore, the pres- 
ence of even small fixed costs might affect the time-series 
properties of economic variables. See, for example, Julio 
Rotemberg (1982) and Olivier Blanchard (1982). 
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TABLE 3— FREQUENCY OF SMALL PRICE CHANGES BY PRODUCT GROUP 
BY CONTRACT TYPE 
; Average 
Percent of Price Changes less than Absolute 
1/4 1/2 1 2 Price Change 
Product Percent Percent Percent Percent (Percent) 
Steel: 
Annual 4 8 11 27 3.3 
Quarterly 5 11 17 24 4.2 
Monthly 9 20 36 52 2.5 
Nonferrous Metals: : 
Annual 2 5 9 27 7.0 
Quarterly 2 5 12 25 5.0 
Monthly 8 15 28 49 2.9 
Petroleum: 
Annual 0 0 8 24 5.3 
Quarterly 0 0 2 17 5.4 
Monthly 1 5 19 47 2.9 
Rubber Tires: 
Annual 12 21 30 44 3.0 
Quarterly 7 11 18 34 4.5 
Monthly 13 23 38 63 2.3 
Paper: 
Annual 4 9 8 27 6.3 
Quarterly 0 19 24 33 3.6 
Monthly 13 23 43 62 2.0 
Chemicals: 
Annual 4 8 13 24 17 
Quarterly 0 5 11 24 73 
Monthly 5 14 30 42 5.0 
Cement: 
Annual 14 22 32 46 3.3 
Quarterly 0 0 1 19 41 
Monthly 71 75 85 94 5.0 
Glass: 
Annual 0 0 7 19 6.5 
Quarterly 0 0 20 - 40 6.2 
Monthly 3 20 45 67 2.1 
Trucks, Motors: 
Annual 3 3 12 20 3.9 
Quarterly 0 0 0 8 7.2 
Monthly 12 27 50 75 1.7 
Plywood: 
Annual - - - - - 
Quarterly 1 2 6 19 6.1 
Monthly 19 38 54 72 1.9 
Household Appliances: 
Annual .. 0 0 0 25 43 
Quarterly - - - - - 
Monthly 22 44 70 95 8 


change in those transactions for which prices 
are unchanging (i.e., neither supply nor de- 
mand curves are shifting). This explanation 
runs into the problem that, as is suggested 
from Table 2 (and as will be confirmed later 
on), within the same product grouping there 


are likely to be changing prices for one 
transaction at the same time that there are 
constant prices for another. The only possi- 
ble explanations consistent with efficiency 
seem to be either that firms differ in their 
allocation ability with some firms relying on 
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price more than others, or, alternatively, that 
every firm. must rely more on price when 
dealing with certain buyers than with others.® 

The foregoing analysis can also shed light 
on the question of whether there is an asym- 
metry in price movements. For example, are 
prices rigid downward? If prices are rigid 
downward, then one can think of the fixed 
cost of changing price as being higher for 
price declines than price increases. If so, the 
minimum positive price change should be 
less than the minimum negative price change. 
In fact, an analysis of minimum positive 
and negative price changes reveals no such 
pattern. 


HI. Relationship Between Price Rigidity, Price 
Change, and Length of Buyer-Seller Association 


If within a particular product group, there 
is a wide degree of heterogeneity in price 
rigidity across buyers, are there any predict- 
able correlations that emerge between price 
rigidity, price change, and length of buyer- 
seller association?’ There are several dif- 
ferent theories of price rigidity and the theo- 
ries often have different implications for 
these correlations. I now investigate three 
questions. 

First, is there a positive correlation be- 
tween length of association and price rigidity 
across transactions for the same product?® 


®I recognize the possibility that nonefficiency ex- 
planations may help explain some pricing behavior (for 
example, Akerlof-Yellen and Daniel Kahneman, Jack 
Knetsch, and Richard Thaler, 1986), but feel that the 
efficiency explanations have not yet been fully explored 
(see my forthcoming paper). 

7Length of association is measured as the total time 
the buyer and seller have engaged in a transaction for a 
product whose specifications may change over the time 
of the association. This measure is a noisy one, because 
the buyer and seller may be engaged in other transac- 
tions which affect their knowledge of each other, and 
may have been dealing with each other prior to the 
beginning of the data set. Moreover, to the extent that a 
buyer reported prices from several suppliers, rather than 
one, for each reported price series, the measure of 
length of association is flawed. (See fn. 2.) 

®See Table Al for data by product group on average 
length of association and average price change. Table 1 
reports average duration of price rigidity. Correlation of 
these three variables across product groups is not as 
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That is, if buyer A has been dealing with his 
seller for ten years, while buyer B is begin- 
ning a new relationship, are buyer A’s prices 
more rigid? One rationale for this relation- 
ship would be that if buyers and sellers deal 
with each other over long time periods, they 
set one average price and thereby save on 
the transaction cost of changing price con- 
stantly. However, it is quite possible to justify 
the reverse relationship. The impediment to 
changing price may be that the buyer or 
seller may feel the other side is taking ad- 
vantage of him (see, for example, William- 
son). If buyers and sellers have been dealing 
with each other for a long period of time, it 
will be in their interest not to take advantage 
of the other in the short run for fear of 
damaging the ongoing relationship (see, for 
example, Lester Telser, 1980). If buyers and 
sellers know each other well, because of their 
long-standing relationship, this fear of being 
taken advantage of in the short run will be 
reduced. In such a case, flexible prices may 
emerge. 

Second, is there an inverse correlation be- 
tween the size of price change and duration 
of price rigidity across transactions within 
the same product group? That is, if buyer A 
purchases steel on a contract in which price 
changes frequently, while buyer B has a 
contract in which price changes infrequently, 
are the price changes (when they occur) of 
buyer A larger (in absolute value) than those 
of buyer B? This relationship would make 
sense if prices are rigid on some transactions 
because there is a cost to changing price. If 
so, one would expect that those transactions 
with the most rigid prices (those to buyer B) 
have the highest costs of changing price and 
therefore only large price changes will be 
observed on those contracts. An alternative 
prediction would be that some prices are 
rigid because buyers (or sellers) want price 
stability for insurance-type reasons. In such 
a case, price changes on the more rigid con- 


good a way of uncovering systematic relationships 
among these three variables as is correlation of the three 
variables across transactions for the same product, be- 
cause many factors differ between product groups. 
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tract could well be smaller than on the flexi- 
ble price contract since the function of in- 
surance is to smooth out price fluctuations. 

The third question is whether there is a 
negative association between length of as- 
sociation and the size of price change. If 
buyers’ and sellers’ distrust of. or lack of 
knowledge about each other explains rigid 
prices, then the longer the association, the 
lower the cost of changing price, and hence 
the more flexible should be price and the 
smaller the observed price changes. The op- 
posite prediction could emerge from a theory 
in which buyers and sellers who deal with 
each other over long periods care about get- 
ting only the average price right. In such a 
case, one would expect to see rigid prices 
that infrequently change. When they do 
change, they will change by larger amounts 
than prices in less rigid contracts.’ 

Table 4 reports the correlations between 
length of association, price change (absolute 
value), and rigidity for each product group, 
and indicates when the correlations are sta- 
tistically significant at the 10 percent level, 
5 percent level, and 1 percent level.!? A 
strong positive association between length of 
association and rigidity exists only for chem- 
icals, while a strong negative association ex- 
ists for petroleum, household appliances, and 
truck motors. To the extent any general rela- 
tionship exists between length of association 
and rigidity, it is a negative one. The second 
column of Table 4 indicates that there is a 
positive association between price change and 
rigidity. All but one correlation is positive, 
and all seven statistically significant correla- 
tions are positive. The third column suggests 
that there is a negative correlation between 
length of association and price change. All 
but two correlations are negative, and all 
five statistically significant correlations are 
negative. 


°This assumes that price changes are motivated by 
changes in the permanent price component whose 
changes are assumed larger than the transitory compo- 
nent. The reverse relation between permanent and tran- 
sitory would flip the prediction. 

10My 1986 working paper reports data on average 
rigidity, average price change, and average length of 
association by product by type of contract. 
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TABLE 4— CORRELATIONS OF 
CONTRACT CHARACTERISTICS 


Correlation Between: 





Rigidity Length of 
and Average Association 
Length of Absolute and Average 
Association Percent Absolute 
and Price Percent 
Product Rigidity Change Price Change 
Cement 28 AT 24 
Chemicals 16° 104 —.12» 
Glass —.11 69° — 24 
Household 
Appliances? — 87 me — 66" 
Nonferrous 
Metals 12 12 —.15° 
Paper .03 20 — 25% 
Petroleum —.25° — .06 —.09 
Plywood 10 54° —.l11 
Rubber Tires — 08 A3¢ —.27° 
Steel 03 14° 01 
Trucks, Motors — .56° .60° —.23 





aStatistical significance at the 10 percent level. 
>Statistical significance at the 5 percent level. 
Statistical significance at the 1 percent level. 
4 Based on only 11 observations. 


In short, the evidence in Table 4 is con- 
sistent with the following explanation. Buyers 
and sellers who do not have long associa- 
tions are more likely to use fixed price con- 
tracts because they don’t trust or know each 
other. The “cost” of changing price on such 
a contract is to risk creation of mutual dis- 
trust. Prices change on these contracts only 
for substantial price movements. Buyers and 
sellers who have long associations aren’t as 
worried about mutual distrust. Hence, price 
changes are more frequent (i.e., less rigid 
prices) and on average smaller.! 

One common explanation for price (or 
wage) rigidity has to do with insurance. I 
have not incorporated that explanation into 
the one just given for several reasons. First, 
recent work (Sherwin Rosen, 1985) casts 
doubt on the theoretical underpinnings of an 


UA model that would generate such results would be 
one where costs are undergoing a random walk, produc- 
tion is constant returns to scale, and the cost of chang- 
ing price is negatively related to length of association. 
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insurance explanation. Second, large firms 
should be able to diversify such risks, and 
hence not need insurance. Third, as we will 
see in the next section, the insurance ex- 
planation does not seem supported by the 
data. 


IV. Relationship Among Types of Transactions 


Do some buyers seek out stable pricing 
arrangements in which the price changes in- 
frequently? If so, one would expect to see a 
correlation in the rigidity of pricing across 
transactions of different commodities. For 
example, if the transactions of a particular 
buyer who purchased steel involved price 
changing much less frequently than the in- 
dustry average, will it also be the case that 
the buyer’s transactions involving paper have 
prices that change less frequently than the 
industry average? 

For the product categories of Table 1, I 
have calculated for each buyer a vector of 
the average price rigidity for each of the 
commodities he purchases. I then examine 
pairs of products to see if there is a correla- 
tion across firms in these rigidities, (i.e., does 
a firm buying steel with overly rigid prices 
buy paper with overly rigid prices?) There 
are 227 buyer firms in my sample. There are 
many fewer (around 60) who purchase any 
two commodities. The pairwise correlations 
were primarily positive, but in most cases 
the correlations were not statistically sig- 
nificant, and were often sensitive to the in- 
terpolation method used to calculate price 
rigidity. The most stable and statistically 
significant results were the (positive) correla- 
tions between price rigidity for contracts in 
steel and rubber, metals and plywood, and 
rubber and cement.!? Because of the instabil- 
ity of the results, these results should be 
regarded as at best weak support that buyers 
may have certain preferences across transac- 
tion types for different products. 


12 This must be qualified by agency theories of moni- 
toring. 

I One curious finding is that price rigidity is nega- 
tively correlated at a statistically significant level for 
truck and steel contracts. 


CARLTON: RIGIDITY OF PRICES 647 


V. Analysis of Specific Products 


One drawback to the analysis of the previ- 
ous sections is that the product groups may 
be so broad that a heterogeneity appears in 
the results which is caused only by the het- 
erogeneous nature of the products in any 
one commodity group. To remedy this prob- 
lem, I analyzed 32 specific products, These 
32 products were chosen primarily because 
there were numerous data on them. The 
products analyzed are listed in Table 5 along 
with information similar to that presented in 
Table 1. 

The results are similar to those of Table 1 
in several respects. As in Table 1, there is 
wide variation across products in the rigidity 
of price. Even within a single detailed prod- 
uct specification, there still exists a great 
deal of heterogeneity in durations of spells 
of rigidity. The standard deviation of dura- 
tion rises with the average duration.!* One is 
struck by the rigidity of some prices. Even 
for monthly contracts, there are many prod- 
ucts (for example, chlorine liquid, steel plate) 
where the average length of a spell of- price 
rigidity is well over one year. And, column 6 
indicates that, using transactions as the unit 
of analysis, most commodities have average 
durations of price in excess of eight months. 

In Table 6, I present the histograms of 
spells of price rigidity by commodity for a 
frequently used contract specification. The 
pattern that emerges is similar to that in 
Table 2. Even within detailed product 
specification for a particular contract type, 
there is considerable heterogeneity in length 
of spells of price rigidity. This suggests that 
the price of a good is changing for some 
transactions but not for others. Table 6 
reveals that although most prices do not 
remain in effect for over one year, for many 
products (for example, steel plate, hot rolled 
bars and rods, oxygen) a significant number 
of spells (over 20 percent) of rigid prices 
remain in effect for over two years. 


14 The simple and rank correlations of average dura- 
tion and the standard deviation of duration exceed .9. 

15 Histograms like Table 6 based on a transaction 
(not spell) as the unit of analysis confirm this. 
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TABLE 5— PRICE RIGIDITY FOR DETAILED PRODUCT SPECIFICATIONS? 





Average 
Number Duration 
of Buyer- Price Rigidity 
Seller (Spells) 
Product Pairings (Months) 
(1) (2) (3) 
Steel plates 28 18.5 
Hot rolled bars and rods 33 15.1 
Steel pipe and tubing 

(3” or less in diameter) 33 12.1 
Copper wire and cable 

(bare) 26 ; 3.8 
Gasoline (regular) 66 6.2 
Diesel oil #2 15 4.7 
Fuel oil #2 41 73 
Residual fuel oil #6 59 6.5 
Container board, 

fiberboard 28 11.6 
Caustic soda (liquid) 33 16.2 
Chlorine liquid 28 19.9 
Oxygen, cylinders 30 16.8 
Acetylene 22 16.0 
Portland cement (sack) 28 16.4 
Steel sheet and strip, 

hot rolled 25 18.6 
New rail (RR) 20 22.1 
Tie plates (RR) 18 21.9 
Steel wheels “one wear” 

(RR) 25 21.4 
Track bolts (RR) 18 14.5 
Zinc slab ingots 9 5.1 
Coal (RR) 20 6.8 
Kraft wrapping paper 12 7.5 
Paper bags 16 9.4 
Sulfuric acid, bulk 15 14.1 
Sulfuric acid 19 11.0 
Methyl alcohol 18 12.3 
Phthalic anhydride 10 7.2 
Succinate antibiotic 16 34.4 
Kapseals antibiotic 16 56.1 
Meprobanate tablets 16 13.8 
Librium 13 19.1 
Plywood 25 3.7 











Aver. Duration of Average 
Standard Price Rigidity Duration 
Deviation Monthly of Price 
of Duration Contracts Rigidity 
(Spells) (Spells) (Transactions) 
(Months) (Months) (Months) 
(4) (5) (6) 
19.4 21.6 20.3 
17.6 10.6 17.5 
16.4 12.7 15.9 
5.4 2.6 41 
5.7 2.7 8.9 
4.3 1.4 6.9 
4.9 4.6 8.3 
6.4 2.9 9.2 
8.0 11.5 12.6 
22.9 27.6 21.3 
18.7 60.0 27.1 
14.6 36.3 21.5 
16.2 26.4 21.9 
16.8 - 19.0 
18.5 - 19.1 
31.4 17.1 23.2 
33.0 20.0 23.0 
22.6 24.0 24.9 
17.4 4.4 17.2 
5.4 4.4 5.6 
12.2 1.4 15.9 
6.0 5.7 9.2 
5.3 20.0 10.3 
18.7 22.3 20.9 
17.1 5.1 19.5 
12.9 17.4 17.8 
6.1 6.8 8.3 
52.1 57.0 25.4 
66.7 40.0 44.0 
12.0 18.7 15.5 
23.1 56.0 20.9 
4.8 1.1 6.2 


aSee Table 1. The dashes in col. 5 indicate no data available. 


In Table 7, I present the fraction of price 
changes that are less than 1/4, 1/2, 1, and 2 
percent in absolute value in order to assess 
the importance of the fixed costs of changing 
price. Table 7 corroborates the message of 
Table 3. For most products, there are nu- 
merous (over 10 percent) instances of small 
price changes (below 1 percent). This fact 


reinforces my earlier conclusion that theories 
that postulate rigid prices solely because of a 
common high fixed cost of changing price to 
each buyer are not supported by the evi- 
dence. (See the discussion of the results of 
Table 3.) The most reasonable explanation is 
that firms and buyers must differ in their 
need to rely on the price system to achieve 
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TABLE 6— HISTOGRAMS OF DURATIONS OF RIGIDITY BY DETAILED 
PRODUCT SPECIFICATION BASED ON SPELLS OF RIGIDITY 


VOL. 76 NO. 4 
0-3 

Product Mo. 
Steel plate 24 
Hot rolled bars and rods 36 
Steel pipe and tubing 

(less than 3” diameter) 39 
Copper wire and cable 

(bare) 67 
Gasoline (regular)(A) 33 
Diesel oil #2 .79 
Fuel oil #2 (A) 03 
Residual fuel oil #6 (A) 22 
Container board, 

fiberboard (A) 0 
Caustic soda (liquid)(A) 10 
Chlorine liquid (A) 0 
Oxygen, cylinders 32 
Acetylene 37 
Portland cement 

(bag or sack) 19 
Steel sheet and strip, 

hot rolled 25 
New rail 53 
Tie plates 53 
Steel wheels “one wear” 13 
Track bolts 27 
Zinc slab ingots 44 
Coal, for RR 60 
Kraft wrapping paper 0 
Paper bags 17 
Sulfuric acid, bulk 68 
Sulfuric acid (A) 13 
Methyl alcohol (A) 38 
Phthalic anhydride AT 
Succinate antibiotic 0 
Kapseals antibiotic 0 
Meprobanate tablets (A) 14 
Librium (A) .13 
Plywood .73 


3 Mo.- 1-2 2-4 Over 4 

1 Yr Yrs Yrs Yrs 
.24 23 18 11 
21 21 16 .07 
31 16 10 .05 
30 02 0 01 
59 05 03 0 
22 0 0 0 
88 08 02 0 
64 07 06 0 
73 19 06 0 
64 14 .06 06 
69 14 10 06 
27 14 .26 01 
24 15 21 0l 
32 24 14 05 
27 9 21 08 
07 16 .06 18 
08 17 06 16 
35 22 22 09 
34 .23 06 11 
44 09 .03 0 
23 1 03 03 
40 40 .20 0 
0 67 17 0 
18 08 0 05 
56 20 05 05 
38 AS 07 01 
41 09 03 0 
30 0 .50 20 
08 08 31 54 
67 Al 06 03 
39 22 17 09 
23 03 OL ol 


Note: All contracts are monthly or quarterly monthly, unless followed by (A) which 
indicates annual. The numbers in rows may not add to one because of rounding. 


allocative efficiency and that the fixed costs 
of changing price varies across buyers and 
across firms. 

An analysis of the minimum positive and 
negative price changes reveals no tendency 
for one to exceed the other. Just as in the 
earlier analysis, there appears to be no evi- 
dence to support asymmetric price changes. 

In Table 8, I present information, com- 
parable to Table 4, on the relationship be- 
tween price rigidity, length of association, 
and average price change for transactions in 


the same product.!® (Table A2 in the Ap- 
pendix presents information by product on 
average absolute price change and average 
length of association.) The results mirror 
those of Table 4. There may be a weak 
negative correlation between rigidity and 
length of association. Of the 18 correlations, 


16Most correlations involve between 20 to 30 ob- 
servations, with 15 being the minimum number of ob- 
servations required in order to be reported. 
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TABLE 7— FREQUENCY OF SMALL PRICE CHANGES BY 
DETAILED PRODUCT SPECIFICATION 


1/4 
Product Percent 
Steel plate 0 
Hot rolled bars and rods 1 
Steel pipe and tubing 
(less than 3” diameter) 4 


Copper wire and cable 
(bare) 
Gasoline (regular)(A) 
Diesel oil #2 
Fuel oil #2 (A) 
Residual fuel oil #6 (A) 
Container board, 
fiberboard (A) 
Caustic soda (liquid)(A) 
Chlorine liquid (A) 
Oxygen, cylinders 
Acetylene 
Portland cement 
(bag or sack) 
Steel sheet and strip, 
hot rolled 
New rail 
Tie plates 
Steel wheels “one wear” 
Track bolts 
Zinc slab ingots 
Coal (RR) 
Kraft wrapping paper 
Paper bags 
Sulfuric acid, bulk 
Sulfuric acid 
Methyl alcohol (A) 
Phthalic anhydride 
Succinate antibiotic 
Kapseals antibiotic (A) 
Meprobanate tablets (A) 
Librium (A) 
Plywood 


RFPOOCOCOCOrFWOWWAHrAWH O © OoansA oooow 


Note: See Table 6. 


only 4 were statistically significant. Two 
negative correlations were significant at the 1 
percent level, while the positive correlations 
were significant at the 5 and 10 percent 
levels. (However, the number of positive cor- 
relations exceeded the number of negative 
ones.) The evidence on the correlation be- 
tween price change and rigidity is clearer. Of 
the 9 significant correlations, 8 were positive. 
The number of positive correlations ex- 
ceeded the number of negative ones. The 
evidence on the correlation between price 


Percent of Price Changes less than 
1/2 1 2 
Percent Percent Percent 


1 Il 16 
8 13 28 


n 


14 27 


ma pt 
DOUA oooruw 


© 
m 
-= 
O 


loa my 
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change and length of association suggests a 
negative correlation. Of the 5 significant 
coefficients, all were negative. (However, the 
number of negative correlations equalled the 
number of positives.) 


VI. The Heterogeneity of Price Movements 
Across Buyers 


The previous evidence reveals that price 
movements across different transaction types 
for the same commodity may be very differ- 
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TABLE 8-——CORRELATIONS OF CONTRACT 
CHARACTERISTICS 





Correlation Between: 


Rigidity 
and Length of 
Length Average Association 
- of Asso- Absolute and Average 
ciation Percent Absolute 
and Price Percent 

Product Rigidity Change Price Change 
Steel sheet and strip, | : 

hot rolled - — 40° - 
Steel plate 07 —.11 21 
Hot rolled bars 

and rods —.00 32 .26 
Steel pipe and 

tubing (3” or 

less in diameter) —.21 .19 — 32% 
Plywood -10 04 —.34° 
New rail . 14 4l? —.64° 
Tie plates - 7 - 
Steel wheels 

“One wear” 07 — .33 —.14 
Track bolts - 54? - 
Copper wire ; ; 

and cable, bare — .06 „T6 —.20 
Coal, for RR -— —.14 - 
Gasoline .02 .08 — 02 
Diesel oil #2 —,74° —.22 27 
Fuel oil #6 ~ 12 —.02 —.14 
Sulfuric acid, bulk SIP —.06 —.45° 
Sulfuric acid — 52° 1S 10 
Caustic soda, liquid 35 58° 22 
Chlorine, liquid 407 —.00 ~ 56° 
Oxygen cylinders 10 -.17 07 
Acetylene .04 50° 12 
Methy] alcohol 21 53° 02 
Portland cement, 

in bag or sack 34 49° 33 





a Significance at the 10 percent level. 
bSignificance at the 5 percent level. 
Significance at the 1 percent level. 


ent. In this section, I investigate in more 
detail the heterogeneity of price movements 
for the same commodity.. By limiting the 
analysis to transactions of the same type, I 
have automatically screened out consider- 
able heterogeneity. Despite this, I still find a 
startling amount of heterogeneity. I limit the 
analysis to annual contracts or quarterly 
monthly and monthly contracts, depending 
on the available data. I group price move- 
ments from quarterly monthly and monthly 
together on the grounds that they. both rep- 
resent price series whose prices are not nec- 


_ measure of how o? 
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essarily expected to remain in force for more 
than one month. 

I use two methods to describe how hetero- 
geneous price movements are. The first 
method measures the difference in the sto- 
chastic structure of each price change series 
while the second attempts to measure corre- . 
lation in price movements across different 
transactions. 

The first method computes for each indi- 
vidual price series the variance in the percent 
changes in price (actually the first difference 
of the log of the price series). A variance o is 
computed for each transaction price series. 
If all the price series have the same stochas- 
tic structure, this variance should be the 
same across different price series for the 
same commodity. For each of 30 commod- 
ities, I present the mean variance (i.e., the 
mean of o7), the variance of o? (i.e, a 
varies across transac- 
tions), and the coefficient of variation (square 


root of variance of o? divided by the mean).!’ 


Table 9 shows that, in general, the individ- 
ual price series within any one commodity 
and transaction type seems to be quite dif- 
ferent from one another. The commodities 
that seem to have the least homogeneous 
transactions are steel pipe, oxygen, sheet 
steel, steel railway wheels, and coal. 

Another method of characterizing the de- 
gree of heterogeneity among price series is to 
look at the correlation of contemporaneous 
price changes. A slight extension of this 
method is to examine the correlation of 
filtered price series. An example will il- 
lustrate. 

Suppose two monthly price series are 


10 10 10 10 5 5 5 5 75 7.5 7.5 7.5, 
and 10 10 10 5 5 5 5 75 75 75 75 75 


One might be especially interested in seeing 
how Closely the percent changes in the price 
series are correlated. The two derived series 
of percent price changes are 


- 0 0 0 
- 0 0 


—50% 0 0 0 


50% 0 
— 50% 0 0 0 50% 0 0 


0 0 
0 0 


17§ome products from Table 5 were dropped because 
of data incompleteness. 
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TABLE 9— MEASURES OF HETEROGENEITY AMONG PRICE SERIES 
Mean Variance Variances of Coefficient 
of Individual Individual of 
Product Price Change Price Change Variation 
Steel plate 1.33 (10-6) 1.56 (10-9) 29.7 
` Hot rolled bars 

and rods 1.73 (10-6) 3.64 (10-9) 34.9 
Steel pipe and tubing 

(3” or less in diameter) 3.31 (10-6) 2.27 (10-8) 45.5 
Copper wire and 

cable, bare 1.45 (10-5) 4.36 (10-8) 14.4 
Gasoline 6.22 (10-5) 1.03 (10-6) 16.3 
Diesel #2 1.59 (10-5) 6.50 (10-8) 16.0 
Fuel oil #2 (A) 2.93 (10-5) 1.02 (10-7) 10.9 
Fuel oil #6 2.57 (10-5) 4.54 (10-7) 26.2 
Container board, 

fiberboard 2.94 (10-5) 5.62 (10-9) 2.5 
Caustic soda, liquid 5.26 (10-5) 4.89 (10-8) 4.2 
Liquid chlorine (A) 8.48 (10-6) 6.57 (10-8) 30.2 
Oxygen, cylinders 3.07 (10-5) 2.49 (10-6) 51.4 
Acetylene 6.66 (10-6) 4.63 (10-8) 32.3 
Portland cement 1.97 (10-6) 4.79 (10-9) 35.1 
Sheet steel and strip 

(hot rolled) 4.64 (10-6) 1.63 (10-7) 87.0 
New rails 9.95 (10-7) 1.44 (10-10) 12.1 
Tie plates 1.55 (10-6) 1.43 (10-10) 77 
Steel railway wheels 9.51 (10-7) 8.08 (10-9) 94.5 
Railroad track bolts 2.87 (10-6) 4.93 (10-9) 24.5 

' Zinc slab, ingot 6.21 (10-5) 7.09 (10-8) 43 

Coal (RR) 9.15 (10-6) 1.60 (10-7) 43.7 
Sulfuric acid, bulk (A) 5.92 (10-5) 1.91 (10-6) 23.3 
Sulfuric acid (A) 5.54 (10-5) 9.05 (10-7) 17.2 
Methyl alcohol (A) 7.24 (10-5) 1.55 (10-7) 5.4 
Phthalic anhydride 2.78 (10-4) 1.52 (10-6) ` 44 
Succinate (A) 5.42 (10-6) 3.13 (10-8) 32.6 
Kapseals (A) 2.52 (10-6) 2.77 (10-9) 20.9 
Meprobanate tablets (A) 2.59 (10-4) 3.83 (10-6) 7.6 
Librium (A) 6.39 (10-5) 5.40 (10-7) 11.5 
Plywood 2.08 (10-5) 1.43 (10-7) 18.2 


Note: See Table 6. 


It appears that the two series have no corre- 
lation in percent changes. But that conclu- 
sion is misleading. Both series change within 
one month of each other. Suppose that one 
constructs a new series that takes the arith- 
metic average of the last two monthly per- 
cent changes in prices. Then one obtains two 
series that look like 


= - 0 0 =25% -25% 0 0 
- = 0 —25% —25% 0 


25% 25% 0 0 
0 25% 25% 0 00 


The correlation between the two new series 
will be positive and will equal .5. If one uses 
a three-month filter (i.e., average over the 


last three monthly percent changes in price), 
the correlation rises to .67. In general, one 
initially expects correlation to rise as the 
period of averaging increases. 

Before presenting tabulations of corre- 
lations by product for different filter sizes, it 
will be helpful first to decide what is a 
“high” or “low” correlation. In other words, 
we must develop some underlying standard 
as to how closely two very related series 
should move. Suppose we adopt the position 
that two price series that change by identical 
amounts within, say, three months of each 
other are “highly” correlated. Let p(F) be 
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the contemporaneous correlation of the two 
price series when averaging over F periods is 
performed. Suppose that the two series rep- 
resenting percent price changes are identical, 
are displaced from each other by three 
months, and that price changes are indepen- 
dent of the preceding price change. Then, it 
is easy to show that 


(1) =p(2) =0 


o(F)=1-3/F F>3. 

This means that for a filter of size 6, the 
correlation between our two series is .5, and 
rises to .75 for filters of one year. In general, 
one should expect that very high correlations 
(above .7) will probably be unusual for fil- 
ters below twelve months, even for “well- 
behaved” price series. 

Each of 30 products was analyzed sep- 
arately. For each product, and for each 
contract type an average correlation for a 
particular filter size was computed. For ex- 
ample, suppose that there are 10 individual 
contract transactions for steel plates, each 
lasting ten years. The monthly percent 
change in price (differences in log of price) 
was calculated for each series for each month. 
The simple correlation was computed for 
every combination of contracts (i.e., 45 pairs) 
and an average correlation over the 45 pairs 
was then computed. If the average correla- 
tion is high, it says that on average the price 
series move together. If the average correla- 
tion is low, it suggests that price movements 
for the same good are only very loosely 
related to each other. If the low correlation 
persists as the filter increases to say two 
years, it says that knowing how person A’s 
price has changed over a two-year period 
doesn’t help much in predicting how person 
B’s price will change (averaged over the 
two-year period). 

In Table 10, I present measures of average 
correlation for filters of one month and 
twelve months for each of the 30 commod- 
ities for selected contract types.!® As ex- 


18Filters of 2 years produced results similar to those 
for filters of 1 year. Correlations were also calculated on 
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TABLE 10— HETEROGENEITY MEASURES: 
CORRELATIONS AMONG PRICE SERIES 


Product? p)? (12)? 
Steel plate (M) 42 61 
Hot rolled bars and rods (M) 42 60 
Steel pipe and tubing (M) 

(3” or less in-diameter) 16 25 
Copper wire and cable (M) 53 -78 
Gasoline (A) 02 07 

(M) 04 30 
Diesel fuel #2 (A) .00 06 
M) F 53 69 
Fuel oil #2 (A) .01 — 03° 
Fuel oil #6 (A) . 02 jl 
(M) .26 Ad 
Container board, 
fiberboard (A) 14 ~.03 
(M) .06 -16 
Caustic soda, liquid (A) 07 07 
(M) 04 36 
Liquid chlorine (A) 05 08 
Oxygen, cylinders (A) 03 AT 
(M) 28 40 
Acetylene (M) 30 54 
Portland cement (M) AS 21 
Steel sheet and strip, (M) 

hot rolled 40 A4 
Rails (M) 81 94 
Tie plates (M) -18 .88 
Steel railway wheels 37 54 
Railroad track bolts 47 62 
Zinc slab ingots (M) 52 .90 
Coal (RR) (M) 14 17 
Phthalic anhydride (M) 27 68 
Sulfuric acid, bulk (A) 13 32 
Sulfuric acid (A) 10 07 
Methyl alcohol (A) 22 46 
Succinate (A) 0.0° 0.0° 
Kapseals (A) 0.0° 0.0° 
Meprobanate tablets (A) .03 — 07 
Librium (A) ~ 02 — .06 
Plywood (M) -16 21 


*Contracts are either quarterly monthly or monthly 
(indicated by M) or annual (indicated by A). 

>o(i): Correlations of price changes averaged over i 
months. 

“No price movement in most contracts. 


pected, p(12) usually exceeds p(1). If we use 
the criterion that correlations on the order of 
.5 and above represent price series that move 
pretty closely together, we see that for several 


the timing of price changes (i.e., O or +1 indicating 
whether or not a price change occurred and its direc- 
tion) and the same low correlations persisted. 
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products, there is a homogeneity of price 
movements. On the other hand, there are 
several products like cement, container 
board, plywood, and several chemical prod- 
ucts that have very low (sometimes even 
negative) correlations even for twelve-month 
averaging. In fact, it is startling to find so 
many products where it is clear that some 
mechanism other than only price is allocat- 
ing resources.!? It is noteworthy that con- 
tainer board exhibits low correlations of 
price, since I understand that quantity ra- 
tioning is sometimes used in the paper in- 
dustry in place of price rationing.” 

It is interesting to see whether there is any 
agreement between the two methods of char- 
acterizing heterogeneity in Tables 9 and, 10. 
In fact, there is a low degree of agreement. 
The simple correlation between the measures 
of heterogeneity in Tables 9 and’10 is below 
.1 and is not statistically significant. On the 
other hand, there is a high degree of statisti- 
cally significant (negative) correlation be- 
tween p(1) (or p(12)) and other measures of 
heterogeneity such as the coefficients of vari- 
ation for rigidity, price change, and length of 
association.*! This may imply that the mea- 
sure in Table 9 is capturing an- aspect of 
price different from the other measures or, 
alternatively, that the measure in Table 9 is 
not a useful one. 


VII. Implications for Price Behavior 


Tables 1 through 10 can form the founda- 
tion for several predictions. For example, 
one could predict the following: 

1) The products with high correlations 
for p(12) in Table 10 should tend to have 
more serial correlation in their WPI compo- 
nent than products with low correlations; 

2) Industrywide price adjustment for 
products with high values for p(1) in Table 
10 should tend to be swift; 


19My 1979 article presents a theory on buyer hetero- 
geneity, which shows how prices to different buyers can 
exhibit low (or negative) correlations. 

Based on personal discussions with industry mem- 
bers. 

21Table A3 in the Appendix reports these correla- 
tions. 
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3) Price controls on products with long 
spells of rigid prices (Table 1) are less likely 
to have harmful efficiency effects than con- 
trols on products with short spells of rigidity 
because nonprice methods are probably al- 
ready used for products with very rigid prices 
to allocate resources. 

I have not systematically investigated these 
three claims for each of the products listed 
in Table 10. However, I have done some 
work to corroborate at least some of the 
claims for some products, For example, from 
Table 10 copper wire and cable has a p(12) 
of .78 while gasoline (monthly) has a p(12) 
of only .30. The correlation between the 
monthly WPI and the monthly WPI lagged 
once (1957—66) for copper wire and cable is 
.99 which, as expected, exceeds that same 
measure (.88) for gasoline. ?? 

Michael Bordo (1980) has estimated ad- 
justment lags in prices for some of the com- 
modity groups well represented in Table 10, 
such as metals and metal products, chem- 
icals, and fuel. Based on the size of p(1) in 
Table 10, I would predict the speed of 
adjustment to be fastest in metals and metal 
products, and the speed of adjustment in 
fuels and chemicals to be much slower and 
roughly equal to each other. In fact, Bordo 
(p. 1105) finds the mean lag of price adjust- 
ment for metals and metal products to 3.66 
months, while the lag for fuels and chemicals 


„are 6.64 and 6.20 months, respectively. 


Finally, the only evidence I could find 
on the difficulty of price controls is John 
Kenneth Galbraith’s 4 Theory of Price Con- 
trol (1952) which is an account of his experi- 
ence in controlling prices during World War 
II when he headed the Office of Price Ad- 
ministration (OPA). Although he does not 
deal explicitly with all the products in Tables 
1-10, he does talk about steel products, 
which from Table 1 have a high degree of 
price rigidity. Galbraith states: “The Office 
of Price Administration controlled the price 
of all steel mill products with far less 
manpower and trouble than was required for 


?2 The source for WPI data was Stigler and Kindahl 
(Appendix C). 
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a far smaller volume of steel scrap...it is 
relatively easy to fix prices that are already 
fixed” (p. 17). 

Although bits of evidence corroborate the 
predictions for some types of commodities, 
they obviously are far from conclusive. They 
do, however, show the value of evidence like 
that in Tables 1 through 10. 


VII. Structural Determinants of Price Behavior 


Is there any correlation between industry 
characteristics and any of the measures of 
heterogeneity such as those in Tables 9 and 
10? Using 30 products, I correlated the mea- 
sures of heterogeneity in price movements of 
Tables 9 and 10 with the following variables: 
1) mean absolute growth and variability of 
price (the higher is this number the higher 
the expected correlation of price move- 
ments); 2) measures of competitiveness (a) 
four-firm concentration ratio and (b) frac- 
tion of shipments beyond 500 miles; 3) 
growth and variability of total industry ship- 
ments; 4) length of buyer-seller association. 

Simple correlations never emerged statisti- 
cally significant (with the exception of the 
variance of the growth rate in price), though 
the correlations were generally in the posi- 
tive direction. However, since no more than 
30 observations were available, it would be 
premature to conclude that these.structural 
characteristics do not influence price hetero- 
geneity in the industry. 

Is there any correlation between con- 
centration and duration of price rigidity or 
length of association or average price change? 
The only significant correlation was between 
concentration (four firms) and duration of 
price rigidity. That correlation was statis- 
tically significant at the 5 percent level. 
The correlation implies that for every 10 
point increase in the four-firm concentration 
ratio, prices remain rigid for an extra 1.6 
months.” This finding is particularly inter- 


23The OLS equation is (standard errors in paren- 
theses) 


Av. Duration = 4.97 + 16.12 CR4 .R* =.22 
(3.12) (6.08) SEE = 4.9 


where Av. Duration is the average length of a spell of 
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esting because it suggests that allocations are 
performed differently in concentrated and 
unconcentrated markets. I believe it is pre- 
mature to draw the conclusions, implicit in 
the work of Means, Arthur Burns (1936), 
Galbraith, and others, that the markets have 
stopped working when they become con- 
centrated. Instead, an alternative interpreta- 
tion is that as firms become large they sup- 
plant the market’s exclusive reliance on price 
as an allocation device and resort to other 
methods. In a world filled with transaction 
costs, exclusive reliance on a market-gener- 
ated price to allocate goods could well be 
inferior to other nonprice allocation meth- 
ods. It is the case, however, that markets 
that use nonprice allocation will respond to 
market shocks much differently than markets 
that exclusively use price to allocate. See my 


. forthcoming paper for a fuller development 


of this theory. 
IX. Conclusions 


Since this paper began with a summary of 
the empirical results, I will not repeat them 
here. The main conclusion is that several of 
the empirical results are sufficiently startling 
that we should reexamine the central, often 
exclusive, role assigned to the price mecha- 
nism in theories of efficient resource alloca- 
tion. It is not necessarily that the price 
mechanism has failed, but rather that alter- 
native allocation mechanisms are used in 
addition to the price mechanism to achieve 
efficiency. 


price rigidity and CR 4 is the four-firm concentration 
ratio. This equation is based on 27 observations. The 
CR 4 variable is the 1963 four-firm concentration ratio 
for the 5-digit SIC code that seems to correspond to the 
product. This correspondence is not exact and, for that 
reason together with the small number of observations, 
the results should be regarded with some caution. 
Another interesting finding involving concentration is 
that concentrated industries have a-greater frequency of 
small price changes. 








Notes: CV DUR = coefficient of variation of duration; CV DP = coefficient of variation 
of the absolute value of price change (log difference); CV ASSOC = coefficient of 
variation of the length of association; CV VAR = coefficient of variation of the actual 
price changes counting no change as zero change; p(1), p(12) = correlations of price 
changes averaged over i months. 

“Significant at 5 percent level. 
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TABLE Al — CHARACTERISTICS OF CONTRACTS BY PRODUCT 
Average Length of Average Size of Average Length of Average Size of 
Association Between Absolute Value Association Between. Absolute Value 
Buyer and Seller of Percent Price : Buyer and Seller of Percent Price 
Product (Months) Change Product (Months) Change 
Steel 105 3.5 Cement 103 3.0 
Nonferrous Metals 86 40 Glass 91 4.2 
Petroleum 87 4.4 Truck Motors 82 2.7 
Rubber Tires 98 3.9 Plywood 114 5.0 
Paper 91 3.4 Household 
Chemicals 81 7.0 Appliances 75 1.0 
TABLE A2— CHARACTERISTICS OF CONTRACTS BY PRODUCT 
Average Average 
Length of Average Size Lengthof Average Size 
Association of Absolute Association of Absolute 
Between Value of Between Value of 
Buyer/Seller Percent Price Buyer/Seller Percent Price 
Product (Months) Change Product (Months) Change 
Steel plates 108 3.8 New rail (RR) 116 3.9 
Hot rolled bars and rods 109 3.7 Tiel plates (RR) 119 45 
Steel pipe and tubing Steel wheels “one wear” 
(3” or less in diameter) 114 4.6 (RR) ` 119 3.8 
Copper wire and cable Track bolts (RR) 119 4.2 
(bare) 68 4.4 Zinc slab ingots 104 48 
Gasoline (regular) 91 “3.3 Coal (RR) 119 3.7 
Diesel oil #2 94 4.3 Kraft wrapping paper 94 4.3 
Fuel oil #2 89 4.6 Paper bags 88 48 
Residual fuel oil #6 73 5.8 Sulfuric acid, bulk 96 4.8 
Container board, Sulfuric acid 103 3.5 
fiberboard 78 5.2 Methy! alcohol 91 71 
Caustic soda (liquid) 84 7.8 Phthalic anhydride 93 11.7 
Chlorine liquid 89 5.0 Succinate antibiotic 58 8.3 
Oxygen, cylinders 109 11.5 Kapseals antibiotic 70 14.9 
Acetylene 116 6.9 Meprobanate tablets 64 12.1 
Portland cement Librium 48 8.6 
(by sack) 104 3:7 Plywood 110 5.2 
Steel sheet and strip, 
hot rolled 120 5.9 
TABLE A3— CORRELATIONS AMONG MEASURES OF HETEROGENEITY 
CVDUR CVDP CVASSOC CVVAR p®)  p(i2) 
CV DUR 1 .88? 41° ~ .03 ~.63*  —.60° 
CV DP 1 35? 39° —.577 —.66* 
CV ASSOC. 1 — 58? -4P —,30 
CV VAR 1 .08 ~.01 
p0) 1 918 
p(12) 1 
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APPENDIX 


Transactions were classified into one of 
ten categories by Stigler and Kindahl. The 
most important classifications include: 


Annual contract: contract in force for one 
year. 

Annual average: average of transaction prices 
during the year. 

Annual monthly: annual observations of a 
transaction that occurs monthly. 

Semiannual contract: contract in force for 
six months. 

Semiannual average: average of transaction 
prices during six months. 

Quarterly contract: contract in force for three 
months. 

Quarterly average: average of transaction 
prices during the quarter. 

Quarterly monthly: quarterly observation of 
a transaction that occurs monthly. 

Irregular: irregular. 

Monthly: monthly observations of a transac- 
tion that occurs monthly. 


Tables 1A and 2A of my 1986 working 
paper report the importance of each classifi- 
cation by product group and for individual 
products. 
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A Tax-Based Test for Nominal Rigidities 


By JAMES M. POTERBA, JULIO J. ROTEMBERG, AND LAWRENCE H. SUMMERS* 


In macroeconomic models with flexible wages and prices, whether a tax is levied 
on producers or consumers does not affect its ultimate incidence. This equivalence 
breaks down in the presence of short-run nominal rigidities. Using both British 
and American data, we provide evidence against complete wage and price 


flexibility. 


The side of a market on which a tax is 
levied is irrelevant in the standard microeco- 
nomic analysis of taxation. Students in ele- 
mentary economics learn that it makes no 
difference whether a sales tax is collected 
from buyers or sellers. They are taught that 
the ultimate incidence of a payroll tax de- 
pends on the elasticities of supply and de- 
mand for labor, not on whether the tax is 
levied on employees or employers. Broader 
equivalence results concerning sales and in- 
come taxes are central to the analysis of 
general equilibrium tax incidence. Standard 
Keynesian macroeconomic analyses take a 
very different view. Raising sales taxes is 
thought to be inflationary, even if monetary 
policy remains unchanged. There is less con- 
cern that increases in direct taxation will 
increase prices. 

The microeconomic and Keynesian views 
diverge because the former presumes fiexible 
wages and prices, while the latter postulates 
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Cambridge, MA 02139; and Department of Econo- 
mics, Harvard University, Cambridge, MA 02138, re- 
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Mankiw, two referees, and the co-editor, John Taylor, 
for helpful suggestions, and to the National Science 
Foundation for financial support. Frank DeLeeuw of 
the U.S. Bureau of Economic Analysis, and R. Doggett, 
K. Newman, and A. Tansley of the U.K. Central Sta- 
tistical Office provided us with unpublished data. The 
research reported here is part of the NBER’s research 
programs in Economic Fluctuations and Taxation. Any 
opinions expressed are our own and not those of the 
NBER or NSF. 
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rigid nominal wages. With wage rates fixed 
in the short run, sales tax increases neces- 
sarily raise prices; income tax increases have 
no such effect. If nominal wages are rigid 
over reasonable lengths of time, then the 
conventional tax analysis must be altered. 
Holding monetary policy constant, increases 
in the price level translate point for point 
into reductions in output. Even a temporary 
1 percent, decline in GNP could dwarf the 
potential efficiency gains from many pro- 
posed tax reforms. 

The very existence of nominal rigidities is 
a subject of contemporary macroeconomic 
debate. Many Keynesian scholars take it as 
self-evident that nominal wages are sticky, at 
least in the short run. For example, Robert 
Solow invites his readers to “accept the ap- 
parent evidence of one’s senses and [take] it 
for granted that the wage does not move 
flexibly to clear the labor market” (1980, 
p. 8). Other researchers claim that there is no 
available evidence in support of this hy- 
pothesis. For example, Robert King and 
Charles Plosser write that “Keynesian mod- 
els typically rely on implausible wage or 
price rigidities, from the textbook reliance 
on exogenous values to the recent more 
sophisticated effort of Fischer that relies on 
nominal contracts” (1984, p. 363). 

Examining how changes in the money 
stock affect macroeconomic activity, a’ stan- 
dard test for nominal rigidities, is unlikely to 
resolve this issue conclusively. Shifts be- 
tween direct and indirect taxation can pro- 
vide tests which avoid many of the dif- 
ficulties with money-based tests, since they 
are less likely to be endogenous responses to 
macroeconomic events. This paper employs 
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both British and American data to investi- 
gate how shifts in the direct vs. indirect tax 
mix affect wages, prices, and output. Our 
results support the existence of nominal 
rigidities and suggest that they may have 
important effects which should be recog- 
nized when analyzing the short-run effects of 
tax reform. 

The paper is divided into five sections. 
Section I clarifies the equivalence of direct 
and indirect taxation when wages and prices 
are fully flexible. It also shows how these 
equivalences fail when nominal rigidities are 
introduced. Section II describes our method- 
ology for examining the impact of tax 
changes. The next section explains how we 
construct effective direct and indirect tax 
rates for Britain and the United States. Sec- 
tion IV presents our empirical findings based 
on postwar time-series evidence from both 
countries. The concluding section sketches 
the implications of our results for the analy- 
sis of tax policy and macroeconomic fluctua- 
tions. 


J. Shifts from Direct to Indirect Taxation: 
Classical and Keynesian Views 


In textbook public finance models, the 
legal incidence of a sales tax is of no conse- 
quence. It does not matter whether the tax is 
collected from producers or consumers. More 
generally, the equivalence theorems sum- 
marized in George Break (1974) establish 
that in an economy without savings and with 
flexible prices, a sales tax on all goods is 
equivalent to an equal-revenue tax on all 
income. This section presents a simple classi- 
cal macroeconomic model illustrating these 
results, and shows how they break down 
when wage and price stickiness is intro- 
duced. 

The equivalence between sales and income 
taxation is easily demonstrated with per- 
fectly flexible wages and prices.! In the short 


An appendix available from the authors on request 
shows that the equivalence between direct and indirect 
taxation on the same tax base follows from the logic of 
budget constraints and is not specific to this simple 
model. 
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run, aggregate output (Y) is a function only 
of labor input (N): 


(1) Y= f(N). 


With competitive firms, an aggregate la- 
bor demand schedule can be obtained by 
equating the marginal product of labor to 
the firm’s real wage: 


(2) f'(N) =w/s, 


where w is the nominal wage and s is an 
index of prices received by firms. The supply 
of labor depends on the purchasing power of 
the worker’s payment for an hour of work: 


(3) N=N[w(1-1)/s(1+ 8)], 


where r is the income tax rate and @ is the 
sales or, equivalently, value-added tax rate. 
Labor supply is unaffected by any reform 
which does not change (1— 7) /(1+ 8). 

The government raises revenue from both 
income and sales taxes. Tax collections, T, 
equal 


(4) T=7Y+0E, 


where E is household expenditure on goods 
and services, net of sales taxes. The house- 
hold budget constraint in our one-period 
model is 


(5) (1-r)Y¥=(1+8)E. 
Total revenue is then 
(6) T=[r+0((1-r)/(1+0))] Y 
= [1-(1—7)/0.+ @)]Y. 
For a given tax base, tax revenue depends 
only on (1— 7)/( +8). 
Consider the effects of a balanced budget 


tax reform which increases 0 and reduces r 
while leaving (1 — +)/(1+ 8) constant.? Both 


?For small values of @, this is equivalent to the 
constancy of (7 — 8). 
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the real wage paid by firms (w/s) and the 
real wage received by workers [(1—7)w/ 
(1+ 6@)s] are unaffected, so output is con- 
stant. The price level must change, however. 
Let L(Y) define the demand for money 
balances. Equilibrium requires that 


(7) L(Y) =M/s(1+8) 


where M is the nominal money supply. We 
have followed the standard practice of as- 
suming that the demand for real money bal- 
ances, deflated by market prices, depends on 
real output. Since output is unaffected by the 
tax shift, the after-tax price level s(1+ 8) 
will not change, and s will fall. Since w/s 
remains constant, the nominal wage must 
fall. 

Although shifts between direct and indi- 
rect taxes are neutral in this model, increases 
in either are not. Since changes in the total 
tax burden have real effects in almost any 
economic model, studies of the effects of 
changes in specific taxes, such as those 
surveyed in Ewald Nowotny (1980), do not 
shed light on the issues considered here. 

The hallmark of Keynesian models is that 
nominal adjustments require time. Changes 
in the stock of money or shifts between 
direct and indirect taxation which have 
no long-run real effects therefore may have 
important short-run consequences. Sticky 
nominal wages are the primary rigidity in 
most Keynesian models.* They arise both in 
textbook Keynesian models and in contract- 


Alternative approaches might postulate that money 
demand depends on households’ disposable income, 
(1~—7)Y, or that money balances should be deflated by 
an index of consumer prices. In the former case, a 
revenue-neutral shift towards indirect taxation would 
reduce prices, while in the latter case, it would raise 
them. In neither case would real output be affected. 
N. Gregory Mankiw and Summers (1984) present some 
evidence suggesting the empirical relevance of the case 
where money demand depends on household expendi- 
ture. Regardless of the money demand specification, tax 
changes will not affect the price level if monetary policy 
holds nominal GNP constant. 

4An earlier version of this paper also examines price 
stickiness and real wage resistance and concludes that 
changes in the tax mix are also likely to have real effects 
in the presence of these rigidities. 
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ing models such as those of Stanley Fischer 
(1977) and John Taylor (1980). Customarily, 
sticky wages are analyzed by adding a de- 
scription of wage behavior to the classical 
model, while deleting the requirement that 
employment equal desired labor, supply. 
Since both explicit and implicit contracts 
seem to be denominated in terms of pre-tax 
wages, we assume pre-tax wage rigidity. Since 
post-tax wages do not need to adjust to tax 
shifts, rigidities in (1— 7)w do not imply that 
shifts between direct and indirect taxation 
have real effects. ; 

Consider an increase in 6 which does not 
change (1— r)/(1+ @). Given that the nomi- 
nal wage cannot fall to clear the labor market, 
employment must fall or prices must rise. In 
equilibrium, both occur to some extent since 
a fall in employment: lowers output and 
therefore requires an increase in s(1+ 8) to 
satisfy (7). Keeping w constant, (1), (2), and 
(7) imply that the elasticity of the tax-inclu- 
sive price with respect to a tax change is 


A log| s(1+ @)] 


(8) dlog(i+4) |. 
-Lf 


= WON F ESI >0. 


An increase in indirect taxes is similar to a 
supply shock, a “self-inflicted wound,” since 
prices rise and output falls. This fall in out- 
put results from an increase in real wages 
facing firms, as producer prices decline while 
nominal wages remain constant. , 

We have isolated a clear difference in the 
empirical implications of models with and 
without nominal rigidities. A natural way of 
testing for the existence and importance of 
these rigidities is to examine the response of 
prices and output to changes in tax struc- 
ture, controlling for total revenue collec- 
tions. These tests, while not totally free of 
ambiguity, are superior to tests of the rela- 
tionship between money and output for de- 
tecting nominal rigidities. Tax structure 
changes are more likely to be exogenous 
policy shocks than are changes in the money 
stock. King and Plosser argue that changes 
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in the money stock may be endogenous. 
They establish that most of the observed 
correlation between money and output arises 
from changes in the money multiplier, not 
from changes in the stock of base money. 
The difficulty with tax changes is that they 
may have incentive and distributional effects 
which change real magnitudes; we argue be- 
low that these effects are unlikely to explain 
our empirical findings. 


Il. Methodology 


Our aim is to test for the presence 
of nominal rigidities by studying whether 
changes in the tax mix affect prices and 
output. One approach to doing this would be 
to specify and estimate a structural model 
including tax variables. Different tax vari- 
ables would enter different structural equa- 
tions. Taxes on individual incomes, for ex- 
ample, would not enter equations describing 
firm behavior. The existence of nominal 
rigidities could be tested by examining the 
cross-equation restrictions which insure that 
changes in the tax mix are neutral. We do 
not adopt this strategy because of the diffi- 
ficulty of convincingly specifying a complete 
macroeconomic model.’ Rather, we gain 
robustness at the possible expense of ef- 
ficiency by directly examining the effects of 
changes in the tax mix using reduced forms. 
The reduced form of any model with classi- 
cal properties should imply that tax mix 
changes do not affect output and prices. 

We estimate two systems of equations. 
The first consists of three reduced-form 
equations for the logarithms of prices (p,), 
nominal after-tax wages (W, = w,(1 — 7,)), and 
output (y,). The explanatory variables are 
lagged prices, wages, and output, as well as 
real government deficits (d,) and the loga- 
rithm of the money stock (m,). We also 
include three tax variables. The first is TTOT, 
the sum of the direct and indirect tax rates. 
The second is TMIX, the difference between 


5Previous estimates of the role of tax variables in 
Keynesian Phillips curves and price equations presume 
the presence of nominal rigidities, and thus do not test 
for their existence. 
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the direct and indirect tax rates. Including 
both TMIX and TTOT is equivalent to in- 
cluding indirect and direct taxes separately. 
Since we are interested primarily in the effect 
of switches between direct and indirect taxes 
holding their sum constant, however, this 
specification is more natural. The third tax 
variable, OTAX, is the ratio of tax receipts 
which we classify as neither direct nor indi- 
rect taxes to GNP.® This system of reduced- 
form equations can be written as 


pI fale) (L) (L) 
(9) |%j=|a2(L) (L) (L) 
Ad |L) &(L) (L) 
al (L) 


am(L) 
om (L) 


a,(L) 
az( L). 
az(L) 


Pr-1 


x t-l, + 
Vr-1 


m, 
d, Eir 
X| TTOT, |+ | Ez 
OTAX, E3; 
TMIX, 


where the a‘(L)’s are second-order lag poly- 
nomials. We found that further lagged vari- 
ables had little explanatory power. Each 
equation in the system also includes a time 
trend and seasonal dummy variables. 

The inclusion of contemporaneous vari- 
ables on the right-hand side of the reduced- 
form equations is a delicate issue. Since we 
treat TMIX as exogenous, an assumption 
defended below, its contemporaneous value 
appears-in all the reduced-form equations. 
Entering contemporaneous monetary and 
fiscal policy variables as in (9) is strictly 
appropriate only if they are exogenous. For- 


®Since we include the sum of all taxes as well as the 
deficit, our specification is consistent with both the view 
that government expenditure is the appropriate measure 
of fiscal policy, and the view that the deficit is the 
appropriate measure. 
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tunately, the results reported below change 
only negligibly when contemporaneous val- 
ues of these variables are dropped from the 
equations.’ 

In addition to fiscal and monetary policy 
variables, it is desirable to control for shocks 
to the money demand equation which in- 
fluence prices and output. If policy is set so 
as to offset these shocks, it may be ap- 
propriate to use nominal GNP as a summary 
variable for the effects of aggregate demand 
policies. These considerations led Robert 
Gordon (1983) to pioneer the use of nominal 
GNP in wage and price equations. While 
this approach captures velocity shocks, it 
may capture too much: the disadvantage of 
including nominal GNP is that it may not be 
a predetermined variable. 

We estimate a second system of only two 
equations for nominal after-tax wages and 
prices which includes current and lagged 
nominal GNP in place of the deficit and the 
money supply. This system of equations is 
ziven by 


(10) [z|- BL) By(L) [2] 


B2(L) BL) {L¥-1 
BAL) BI(L) 
Be (L) B2(L) 

n, 
TTOT, | fv, 

X| OTAX, ia 
TMIX, 


where n, is the logarithm of nominal GNP. 
In this system, movements in output for a 
given nominal GNP can be calculated from 
price movements. 

Systems (9) and (10) allow for unrestricted 
wage, price, and output responses to shifts 
between direct and indirect taxation. Both 


7For our purpose—estimating the effects of changes 
n an exogenous variable—it is of no consequence 
whether the reduced form is represented as in (9) or 
triangularized as in Christopher Sims (1980). 
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Keynesian and classical models imply, how- 
ever, that revenue-neutral tax switches are 
neutral in the long run. We therefore impose 
(and test) long-run neutrality by restricting 
the sum of the TMIX coefficients in each 
equation to equal zero. Imposing long-run 
neutrality of TMIX sharpens the rejection 
of the hypothesis that TMIX is unimpor- 
tant. The short-run tax neutrality hypothesis 
implies the restrictions ai(L)=a2(L)= 
a3(L) =0 in system (9) and BL) = B2(L) 
=0 in system (10). As long as TMIX is a 
valid exogenous variable, rejection of these 
null hypotheses is very unfavorable to the 
classical model. In Section IV we consider 
some (in our view unlikely) reasons why 
TMIX might appear to matter even if wages 
and prices were perfectly flexible. 

After rejecting these null hypotheses, we 
focus on the relevance of these rejections for 
the presence of nominal rigidities. If nominal 
rigidities are present, then prices should rise 
and output should fall for some time after a 
tax switch. To investigate these dynamic 
effects, we compute our systems’ predicted 
responses to a once and for all decrease in 
TMIX.° 

The reduced forms described above may 
be subject to some of the criticisms which 
have been directed at the vector autoregres- 
sion approach of Christopher Sims. We have 
not posited an explicit structural model, and 
the parameters in our reduced forms might 
vary with changes in the policy regime. We 
use our reduced forms, however, only to 
estimate the effects of certain policy changes 


8This way of imposing long-run neutrality is only 
valid if prices, wages, and output are stationary while 
TMIX has a unit root. We could not reject either of 
these hypotheses. 

°We also followed the spirit of Frederic Mishkin’s 
(1979) approach. This involves fitting a univariate auto- 
regression for TMIX. Starting from a base path for 
TMIX, we constructed a new path for TMIX by simu- 
lating the effect on TMIX of a residual in this -auto- 
regression. We then compared the paths of prices, wages, 
and output resulting from these two paths for TMIX. 
This procedure avoids the problems which might arise if 
permanent shocks to TMIX are widely at variance with 
the historical experience. Because the results of the two 
approaches were very similar, we report only the perma- 
nent shock results. 
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within a given policy regime. Our view is not 
that our equations explain how TMIX could 
be used as a major tool of stabilization policy, 
or even describe the effects of radical changes 
in TMIX outside the sample experience. 
Rather, we believe that the estimated re- 
sponse of prices and output to changes in 
TMIX, given the current policy regime, 
can shed light on the existence of nominal 
rigidities. E 

Any argument of this type must confront 
issues similar to those raised in the decades- 
long debate about the relationship between 
money and output. The essential identifi- 
cation problem there involves the possibility 
that money and output are correlated either 
because they both respond to some third 
factor, or because changes in money are 
caused by expectations of changes in output. 
After presenting our empirical results, we 
present some evidence supporting the ex- 
ogeneity of tax changes. At a minimum, it 
seems clear that changes in the tax mix are 
much closer to the ideal experiment for 
studying nominal rigidities than money 
supply changes. 


MI. The Data 


This section describes our measures of the 
direct and indirect tax burden in Great Brit- 
ain and the United States. It begins by dis- 
cussing conceptual measurement issues which 
apply to both countries and then considers 
the data for each nation in some detail. 

Direct taxes are defined as taxes on in- 
dividuals, including income taxes and em- 
ployee contributions for social insurance. In- 
direct taxes are those collected from firms. 
They include sales and value-added taxes, 
employer contributions for social insurance, 
and various excise taxes. Our measured tax 
rates, 7 and @, are defined as direct and 
indirect tax receipts as a share of GNP at 
market prices. These variables do not corre- 
spond precisely to the proportional tax rates, 
7 and @, of Section I. If there were propor- 
tional taxes, income tax receipts would equal 
TY, indirect tax receipts would be 0(G + E), 
and Gross National Product measured at 
market prices would be (1+ 0)(E+G), 
where G denotes government expenditure. 
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Therefore, our measured tax rates would be 





p TY T 
(1) = Gy eyes 8) 196 
and 
(2) a= 6(G+E) _ 8 





(1+O)(G+E) 140° 


Both measured tax rates would be slightly 
lower than the proportional taxes in our 
stylized economy. This would bias our mea- 
surement of TMIX, since 


(13) TMIX=%-6=(r-6)/(1+8). 


For values of @ between 0 and .15, however, 
as in our sample, this bias would be small. In 
contrast, the measured tax rates would yield 
exactly the correct measure for the total tax 
burden, TTOT: 


(14) TTOT=%+6=(7+6)/(1+8). 


In Section I we analyzed tax reforms which 
altered 7 or 6 while keeping (1— 7)/(1+ 0) 
constant. Since 1-(1—7)/(1+ @) =(r+ 
0)/( +8), a tax reform with no effect on 
(l—7)/(+ @) will not change TTOT. 

Our approach to measuring tax rates is 
only one of many possibilities. Ideally, we 
would like our tax variables to be legislated 
tax rates which change only when govern- 
ment policy changes. Unfortunately, taxes 
are too complex for us to define either the 
direct tax rate or the indirect tax rate. The 
tax base is much smaller than GNP and 
taxes are frequently raised or lowered by 
changing the tax base. Direct taxes are not 
strictly proportional to income, nor indirect 
taxes proportional to expenditure. In par- 
ticular, indirect taxes do not cover all goods. 

If the elasticities of direct and indirect tax 


‘receipts with respect to GNP are different, 


then measured TTOT and TMIX variables 
may be affected by cyclical fluctuations. This 
could induce a spurious correlation between 
the tax variables, prices, and output. We 
therefore employ another technique for iden- 
tifying shifts between direct and indirect 
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taxation. We construct measures of full- 
employment TMIX and TTOT using data 
on full-employment tax receipts and GNP to 
avoid problems due to cyclical fluctuations. 


A. The United Kingdom 


Direct taxes in the United Kingdom con- 
sist of personal income taxes and surtaxes 
and employees’ national insurance contribu- 
tions. Indirect taxes include a variety of 
different levies: Purchase Tax (prior to 1972), 
Value-Added Tax, stamp, customs, alcohol, 
and tobacco duties, car tax, as well as em- 
ployers’ contributions for National Insur- 
ance and Selective Employment Tax. Data 
on tax receipts were obtained from Financial 
Statistics and the Central Statistical Office. 
A detailed data description is available from 
the authors on request. 

The resulting shares of direct and indirect 
taxes in GDP are plotted in Figure 1. The 
share of indirect taxes ranges from just over 
11 percent in 1963 to more than 15 percent 
during the early 1980’s. There are even more 
significant movements in the direct tax share, 
which varies between 10.1 and 16.8 percent. 
The figure also shows that there are some tax 
reforms which correspond to shifts between 
the two sources of revenue. In particular, the 
1979 tax reform involved a reduction of basic 
statutory income tax rates accompanied by 
systematic increases in VAT. The direct tax 
cuts were forecast to reduce revenue by 4.5 
billion pounds, while the increase in VAT 
was expected to raise 4.2 billion pounds. 
This is the cleanest example of a tax reform 
which changed the “side of the market” on 
which taxes are levied. 

We measure the British price level using 
the deflator for GDP at market prices.!° Our 
nominal wage measure is the index of basic 
weekly wage rates in all industries and 
services. Output is measured by real GDP at 
market prices. Our equations also include 
the logarithm of M1, the deficit as measured 
by the Public Sector Borrowing Requirement 


10 Using the Retail Price Index to measure prices did 
not change our results. 
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FIGURE 1. U.K. DIRECT AND INDIRECT TAXES 
AS A FRACTION OF GDP 


(PSBR), and the level of other tax receipts, 
defined as total government tax receipts less 
direct and indirect taxes, divided by GDP." 

There are several intervals of statutory 
wage and price controls and implicit wage- 
price guidelines during our sample period. 
Previous attempts to find significant effects 
from price controls (for example, J. D. 
Sargan, 1980) have been unsuccessful. Wage 
controls do appear to have affected wage 
growth, however. S. G. B. Henry (1984) 
identifies five periods of statutory wage re- 
straint and associated wage. catch-up. We 
include his set of indicator variables for wage 
controls in all of our reduced-form equa- 
tions.?? 


Quarterly PSBR and M1 data are only available 
since 1963, and the wage series that we use was not 
computed after 1983. Our sample period is therefore 
limited to the 84 quarters between 1963:1 and 1983:4. 

12 There is some disagreement regarding the most 
binding periods of wage control. Gordon uses dummy 
variables which differ from those in Henry, and Sushil 
Wadhwani (1983) uses yet another set. Our results were 
insensitive to alternative choices. We amend Henry’s 
variables by adding an indicator variable for rapid wage 
growth in the second quarter of 1978. 
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FIGURE 2. U.S. DIRECT AND INDIRECT TAXES 
AS A FRACTION OF GNP 


B. The United States 


Direct tax receipts for the United States 
include federal personal income tax receipts, 
state and local personal income tax receipts, 
and personal contributions for social in- 
surance. Our measure of indirect taxes is the 
sum of federal indirect business taxes, which 
consist of both excise taxes and customs 
duties, state and local sales tax receipts, and 
private employer contributions for social in- 
surance.” Direct and indirect tax receipts as 
a fraction of GNP are shown in Figure 2. 
The share of direct taxes in GNP displays 
substantial variability in the postwar period, 
ranging from only 7 percent in 1949 to nearly 
15 percent early in the 1980’s. Indirect taxes 
are much less volatile, ranging between 5.7 
and 8.7 percent of GNP and trending up- 
ward throughout the sample period. 

We measure the U.S. price level using the 
GNP deflator." Wages are measured as 


13We exclude state and local government employer 
contributions from our calculation of social insurance 
contributions by employers. 

14Our results were unchanged when we used the 
CPI-Urban Worker price index, excluding shelter, to 
measure the price level. 
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average hourly earnings in manufacturing, 
and output as GNP in 1972 dollars. Our 
equations include the logarithm of M1, the 
level of the total government deficit, and 
other tax receipts, defined as total tax re- 
ceipts less direct and indirect taxes, divided 
by GNP. We also include two variables 
drawn from Gordon and Stephen King 
(1982) to allow for the impact of wage and 
price controls during the early 1970's. 


IV. Empirical Findings 


This section reports estimates of how 
switches between direct and indirect taxation 
affect wages, prices, and output. We consider 
the British and the American experience in 
turn. The section closes with several qualifi- 
cations to our findings. 


A. The United Kingdom 


Equation systems (9) and (10) are esti- 
mated using data for the 1963-83 period. 
The coefficient estimates are reported in Ta- 
ble 1. Both systems suggest that changes in 
the direct vs. indirect tax mix have substan- 
tial effects. The null hypothesis that the 
TMIX coefficients equal zero is rejected de- 
cisively in each case. The test statistic in 
system (9) is 32.5; ‘it is distributed x7(6) 
under the null hypothesis that the tax mix 
variables have no effect on the short-run 
movements in wages, prices, and output. The 
null hypothesis is rejected at the .01 level. 
For system (10), the test statistic is 27.6. In 
this case, with only two equations, the test 
statistic is distributed x?(4) under the null 
hypothesis; again, we reject the neutrality 
hypothesis at the .01 level. These overwhelm- 
ing rejections suggest the potential impor- 
tance of nominal rigidities. On the other 
hand, the long-run neutrality of TMIX is not 
rejected at conventional significance levels. 
By comparing the likelihood of (9) to that of 
a system that does not impose the restriction 
that the sum of the TMIX coefficients in 
each equation equal zero, we obtain a test 
statistic of 3.7 which is distributed as x?(3) 
under the hypothesis of long-run neutrality. 

To describe the effect of raising indirect 
taxes, we compute impulse response func- 


VOL. 76 NO. 4 


POTERBA ET AL.: NOMINAL RIGIDITIES - 667 


TABLE 1—REDUCED-FORM COEFFICIENTS ESTIMATES, UNITED KINGDOM 





Independent 
Variable 


Constant 
Price_, 
Price_ 
Wage- _ 
Wage., 
Real GDP _, 
Real GDP_, 
TMIX -~ 
TMIX_, 
TMIX — 
TMIX_, 
TTOT 
TTOT_, 
TTOT_» 
OTAX 
OTAX., 
OTAX 4 


DEF(x10~°) 


DEF_,(X107°) 


DEF_,(X107°) 


MONEY 
MONEY, ` 
MONEY 3 
NOMGDP 
NOMGDP_, 
NOMGDP_, 
SSR 


a) 
SEE 








Equation System (9) Equation System (10) 
Nominal Nominal 
After-Tax ; After-Tax 
Price Wage Real GDP Price Wage 
—1.1730 0.568 2.993 — 2.050 0.432 
(0.990) (1.165) (1.1724) (0.910) (1.137) 
1.122 0.434 — 0.489 0.955 0.501 
(0.149) (0.176) (0.260) (0.133) (0.166) 
— 0,261 — 0.485 — 0.055 — 0.163 ~ 0.503 
(0.132) (0.155) (0.230) (0.108) (0.135) 
0.189 1.213 0.048 0.150 1.236 
(0.094) (0.111) (0.164) (0.085) - (0.106) 
— 0.043 — 0.249 0.319 —0.111 .— 0.236 
(0.092) ° (0.109) (0.161) (0.085) (0.107) 
0.095 — 0.048 0.128 - - 
(0.077) (0.091) (0.134) 
— 0.0003 —0.017 0.323 - - 
(0.087) (0.103) (0.152) 
— 0.434 — 0.639 0.037 — 0.304 ~ 0.672 
(0.166) (0.195) (0.289) (0.143) (0.179) 
0.121 0.121 — 0.042 0.114 0.186 
(0.149) (0.175) (0.259) (0.131) (0.163): 
0.057 . 0.150 —0.512 0.179 1.233 
(0.175) (0.206) (0.305) (0.155) (0.191) 
— 0.141 — 0.552 0.468 — 0.124 ~ 0.588 
(0.163) (0.193) (0.294) (0.146) (0.183) 
0.049 0.329 0.143 — 0.020 0.175 
(0.182) (0.214) (0.316) (0.153) (0.193) 
— 0.047 — 0.004 0.124 —0.098 ~ 0.033 
(0.083) (0.098) (0.145) (0.073) (0.092) 
0.063 , 0.030 0.373 — 0.074 — 0.036 
(0.086) (0.102) (0.152) (0.075) (0.093) 
— 0.068 — 0.007 > —0.048 — 0.043 — 0,003 
(0.082) (0.096) (0.142) (0.069) (0.086) 
1.950 `.  . 0.148 1.502 - - 
(1.580) (1.860) (2.751) 
—1.256 ` 1.983 — 0.088 - - 
(1.640) (1.930) (2.856) 
0.566 . 1.786 0.164 - - 
(1.541) (1.814) (2.684) 
—0.086 — 0.023 0.083 - | - 
(0.072) (0.085) (0.125) 
—0.031 > ~ 0.034 — 0.060 - - 
(0.098) (0.116) (0.171) 
0,091 0.083 è 0.099 - A 
(0.070) (0.082) (0.121) 
pA 7 o 0.200 — 0.041 
(0.072) (0.080) 
— - - 0.041 — 0.004 
(0.072) (0.089) 
- . - - — 0.059 ~0.014 
(0.081) (0.101) 
0037 0052 0113 - 0036 0056 
7.095 4.738 8.430 4.512 3.355 
0089 0105 0155 .0100 0104 





Notes: All equations are estimated using quarterly data for the 1963:3~-1983:4 period, for.a total of 82 observations. 
Standard errors are shown in parentheses. Each equation also includes a time trend, seasonal dummy variables, and 
wage and price control dummy variables. See the text for further description. 
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FIGURE 3. IMPULSE RESPONSE FUNCTIONS FOR PERCENTAGE DEVIATION IN EACH VARIABLE 
(Equation System UK-9) 


tions for prices, real after-tax wages, and 
output with respect to a 1 percent decrease 
in TMIX. This corresponds to an indirect 
tax increase of one-half of 1 percent of GDP, 
accompanied by an equal-revenue reduction 
in direct taxes. If all pre-tax prices remained 
fixed, the tax-inclusive price level would rise 
by one-half of 1 percent. The impulse re- 
sponse functions for system (9), labelled 
‘UK-9, are shown in Figure 3. The figure 
reports both the point estimates of the per- 
centage deviation of each variable from its 
initial steady-state value, as well as one 
standard error bands.'° 

In the quarter when the tax change occurs, 
prices rise by three-tenths of 1 percent. They 
continue to rise for eight quarters thereafter, 
peaking .54 percent above their initial level. 
Prices then decline, but remain more than .1 


percent above their initial value for four and . 


one-half years after the tax change. For the 
first five quarters after the shock, the sum of 
the deviations of the price level from its 
initial value is 2.04, with a standard error of 
0.97. The null hypothesis of no price effects 
over this horizon is rejected at the .05 level. 


5 The impulse response function standard errors are 
computed using standard asymptotic methods. Defining 
f(&, t) as the impulse response function ¢ periods after 
the. shock, and & the coefficient estimates from (9), we 
compute the variance of f(4, t) as Vf’ QV/, where vf 
is the vector of derivatives of f with respect to &, and 2 
is the covariance matrix of â. 


Similarly, over a ten-quarter horizon, the 
sum of the price effects is 4.56, with a stan- 
dard error of 2.24. 

Nominal after-tax wages also rise after the 
tax change. In the first quarter, they increase 
by nearly half a percent, raising the firm’s 
real wage by .2 percent. The real wage in- 
creases for another quarter and then begins 
to decline. By seven quarters after the tax 
reform, real wages have fallen below their 
initial level and they. remain more than .1 
percent below their starting point for nearly 
two years. The figure shows that the wage 
dynamics are not as well determined as those 
for prices. The sum of the wage impulses for 
the first five quarters after the shock is 0.99, 
with a standard error of 0.90. 

The impulse response path also shows out- 
put moving erratically. The estimates of the 
output response function are imprecise, how- 
ever. Output rises in the quarter when the 
shock occurs, and then declines in the next 
quarter. The sum of output deviations for 
the five quarters after the shock is —0.07 
percent, with a standard error of .61. By ten 
quarters after the shock, the comparable 
value is — .310 with a standard error of .465. 
Six quarters after the tax shock, output en- 
ters a long period of decline. At the lowest 
point on its trajectory, output is .19 percent 
below its initial level. The individual quarter 
output effects should be regarded with cau- 
tion, however, as the large standard errors 
suggest. 
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FIGURE 4. IMPULSE RESPONSE FUNCTIONS FOR PERCENTAGE DEVIATION IN EACH VARIABLE 
(Equation System UK-10) 


The estimates from system (10) also sug- 
gest significant tax effects, as can be seen 
from the impulse response functions in Fig- 
ure 4, labelled UK-10. Prices rise by .19 
percent in the quarter of the shock, 40 per- 
cent of the amount which would be predict- 
ed if pre-tax prices were completely fixed. 
They decline slowly thereafter, and are still 
more than .08 percent above their initial 
level four years afterwards. The standard 
errors for the impulse response functions 
from (10) are, however, larger than those 
from (9). Five quarters after the tax change, 
the sum of the deviation of prices from their 
initial level is .66 percent, with a standard 
error of .71. Real wages again rise for a short 
while after the tax shock occurs, then de- 
cline. Output changes in this system, which 
are equal to the negative of the price im- 
pulses, display a more stable response pat- 
tern than those in system (9). 

We explored the robustness of our tax mix 
results in several ways. We added exchange 
rates as additional explanatory variables;. 
they had statistically insignificant coeffi- 
cients and did not affect our rejection of 
short-run tax neutrality. We also estimated 
our equations without the indicator variables 
for wage and price controls, and most of the 
tax coefficients changed very little. Adding 
further lagged variables to the system re- 
duced the statistical significance of some 
coefficient estimates, but had little impact 
on either our estimated dynamic responses 


or our rejections of the tax neutrality hy- 
pothesis.'° 

A possible problem with our results is that 
movements in TMIX may reflect changes in 
economic conditions. In order to explore this 
possibility, we examined the effects of two 
specific episodes of tax reform in Britain 
where the relative importance of direct and 
indirect taxes was altered. In 1979, the VAT 
was increased and marginal personal income 
tax rates were cut. In April 1976, value- 
added taxes on durables were reduced. Re- 
placing TMIX by dummy variables for 
these reforms led to conclusions very simi- 
lar to those reported in this section.’” 


B. The United States 


In this section, we investigate whether our 
U.K. findings are consistent with the U.S. 
experience from 1948:1 to 1984:3. Estimates 


164 change in the total tax burden also has real 
effects. In the three-equation system, a 1 percent of 
GDP increase in the total tax burden reduces output .51 
percent in the quarter of the tax change and induces 
lower output for 3 quarters after the shock. The esti- 
mates of TTOT’s impact on both prices and output, 
however, are plagued by very large standard errors. 

Details results on the effect of the 1979 tax switch 
are presented in an earlier version of this paper, avail- 
able from the authors on request. The inflationary im- 
pact of the 1979 tax reform is also discussed in Willem 
Buiter and Marcus Miller (1981). 
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TABLE 2—-REDUCED-FORM COEFFICIENT ESTIMATES, UNITED STATES 


Independent 
Variable 


Price 


Equation System (9) 


Nominal 
After-Tax 
Wage 


Real GNP Price Wage 


Constant 
Price_, 
Price 
Wage 
Wage, 
Real GNP_, 
Real GNP_» 
TMIX — 
TMIX_, 
TMIX — 
TMIX_, 
TTOT 
TTOT_, 
TTOT_, 
OTAX 
OTAX_, 
OTAX_3 
DEF(x105) 
DEF _,(X107°) 
DEF_,(X1075) 
MONEY 
MONEY_, 
MONEY _, 
NOMGNP 
NOMGNP_, 
NOMGNP_, 
SSR 


Q(4) 
SEE 


— 0.166 
(0.109) 
1,351 
(0.090) 
— 0.349 
(0.094) 
—0.040 
(0.086) 
0.032 
(0.080) 
0.026 
(0.055) 
— 0.031 
(0.051) 
-0.421 
(0.231) 
0.119 
(0.194) 
0.377 
(0.186) 
'—0.351 

(0.252) 
0.063 
_ (0.192) 
0.694 
(0.151) 
—0.301 


.0022 
7.855 
.0043 


0.013 
(0.121) 
0.486 
(0.100) 
—0.352 
(0.104) 
0.719 
(0.095) 
0.169 
(0.089) 
0.008 
(0.061) 
0.002 
(0.057) 
— 0.380 
(0.255) 
—0.358 
(0.215) 
0.641 
(0.206) 
—0.277 
(0.280) 
0271 
(0.212) 
0.829 
(0.167) 
— 0.098 
(0.231) 
—0.085 
(0.173) 
1.180 
(5.049) 


0027 
1.348 
.0047 


Equation System (10) 
Nominal 
After-Tax 
0.691 —0.325 —0.224 
(0.189) (0.093) (0.103) 
0.149 1.341 0.425 
(0.156) (0.084) (0.093) 
— 0.045 — 0.394 — 0.393 
(0.162) (0.082) (0.091) 
— 0.345 0.056 0.874 
(0.148) (0.080) (0.089) 
0.235 —0.041 0.066 
(0.139) (0.077) (0.085) 
. 1.005 - - 
(0.095) 
—0,113 - - 
(0.089) 
0.235 — 0.434 — 0.329 
(0.399) i (0.218) ` (0.241) 
0.064 0.137 — 0.338 
(0.336) (0.180) ‘ (0.198) 
— 0.818 0.423 _ 0.758 
(0.321) (0.175) (0.193) 
0.766 — 0.478 — 0.426 
` (0.437) . (0.228) © (0.252) 
— 0.115 0.153 -0.219 
(0.332) - (0.172) (0.190) 
0.952 0.302 0.459 
(0.261) (0.167) (0.185) 
— 0.031 —0.295 — 0.167 
(0.362) ` (0.196) (0.217) 
— 0.048 — 0.057 0.064 
(0.271) . (0.147) (0.162) 
3.197 - - 
(7.892) 
~ 24,096 ~ : - 
(12.761) . 
—0.183 ~ - 
(8.625) 
9.298 - - 
(0.089) 
— 0.190 -= - 
(0.143) 
— 0.102 - - 
(0.092) 
+ 0.207 0.232 
(0.041) (0.046) 
~- — 0.200 — 0.259 
. (0.066) (0.073) 
- 0.044 0.069 
(0.045) (0.050) 
.0066 .0022 .0027 
6.713 8.029 3.334 
0074 0042 .0046 


Notes: All equations are estimated using quarterly data for the period 1948:1-1984:3, a total of 147 observations. 
Standard errors are shown in parentheses. Each equation also includes a time trend, seasonal dummy variables, and 
wage and price control dummy variables. See the text for further description. 
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FIGURE 5. IMPULSE RESPONSE FUNCTIONS FOR PERCENTAGE DEVIATION IN EACH VARIABLE 


of both sets of equations are reported in 
Table 2. The central question is whether we 
can reject the null hypothesis that TMIX 
should be excluded from systems (9) and 
(10). For system (9), the test statistic is 21.7. 
Since it is distributed x7(6) under the short- 
run tax neutrality hypothesis, this constitutes 
a rejection at the .01 level. For system (10), 
the two-equation system, the test statistic of 
17.8, which is distributed as x?(4) under the 
null, also implies rejection at the .01 level. 
These findings provide strong evidence for 
the presence of wage or price stickiness in 
the United States. 

To test long-run neutrality, we again com- 
pare the likelihood under the assumption 
that the sum of the coefficients of TMIX is 
zero to that obtained when relaxing this 


condition. Here we obtain a test statistic of 
8.6, which is distributed x7(3) under the 
hypothesis of long-run neutrality. Thus this 
hypothesis is rejected at the 5 percent level, 
but not the 1 percent level. 

The two panels of Figure 5, respectively 
labelled US—9 and US-10, report the TMIX 
impulse response functions corresponding to 
systems (9) and (10) for the United States. 
The initial effect of a permanent 1 percent 
TMIX decrease is a .32 percent increase in 
prices, just over 60 percent of the impact 
with fixed producer prices. The absence of 
significant tax variation makes the standard 
errors on the estimated price responses larger 
than those for Britain. The sum of the price 
changes for the first five quarters after the 
change is 1.13, with a standard error of 1.63. 
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The American evidence also differs from the 
British in suggesting much slower adjust- 
ment back to equilibrium. 

Real wages also rise after a tax shock, 
corroborating our British findings. The ini- 
tial effect of a 1 percent TMIX drop is to 
raise the firm’s real wage by .44 percent. 
Real wages continue to increase for one ad- 
ditional quarter and then decline monotoni- 
cally to their initial level. Adjustment is slow; 
even five years after the shock, real wages 
are .13 percent above their initial level. 

Output experiences a pronounced decline 
after an increase in indirect taxation. A 
1 percent fall in TMIX induces a .2 percent 
drop in real GNP in the quarter of the tax 
change. The path of output thereafter de- 
pends upon the choice between systems (9) 
and (10). In (9), output continues to decline 
for another quarter and falls to .45 percent 
below its initial level before starting to re- 
turn to its initial level. The sum of the out- 
put effects up to ten quarters after the change 
is —4.12, with a standard error of 2.73. The 
results for (10) suggest that the amount of 
lost output declines after the first quarter, 
although output returns to its initial level 
very slowly. The ten-quarter sum equals 
—2.90 (2.95). Both sets of results are con- 
sistent with the view that nominal wages are 
sticky, since the insufficient nominal wage 
decline in response to indirect tax increases 
raises real wages and induces firms to lay off 
workers. This has the ultimate effect of 
lowering real money balances. 

Our findings are insensitive to several 
specification changes. Excluding Gordon and 
King’s wage-price control variables has little 
effect on the estimated coefficients and im- 
pulse response functions. Adding interest 
rates, exchange rates, and further lagged val- 
ues of the currently included variables also 
‘has little substantive impact on our conclu- 
sions. The central finding, that the short-run 
tax neutrality hypothesis is strongly rejected, 
obtains in a wide variety of specifications. 

These results can also be used to study the 
impact of revenue-raising tax increases. A 
permanent increase in the total tax burden, 
keeping TMIX constant, increases prices and 
real wages and causes a drop in output. A 
1 percent increase in TTOT raises prices by 
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.38 percent and real wages by .26 percent in 
the first quarter. Output declines by .81 per- 
cent when the shock occurs and continues to 
fall thereafter. By eight quarters after the tax 
increase, output is 1.65 percent below its 
starting value. These findings, while sugges- 
tive, are accompanied by large standard er- 
rors and should therefore be interpreted with 
caution. 


C. Qualifications 


Two potentially important assumptions 
underlie our use of the TMIX variable to 
test for the existence of nominal rigidities. 
First, we assume that TMIX is exogenous in 
our reduced-form systems. Second, we pos- 
tulate that except for the effects of wage and 
price stickiness, changes in TMIX should 
have no impact on prices or output. The 
possible failure of parallel assumptions has 
caused debate about the interpretation of 
linkages between money and output. We 
consider each assumption in turn. , 

Several arguments for the endogeneity of 
our tax mix variable might be constructed. 
Perhaps most plausibly, it might be noted 
that if the output elasticities of direct and 
indirect taxes are different, then changes in 
real output will induce changes in TMIX. 
Price shocks may be transmitted to GNP 
and then to TMIX as well. This issue is 
partly addressed by our inclusion of lagged 
output in the reduced-form system, and by 
our separate examination of the 1979 and 
1976 policy changes in Great Britain. As a 
further check, we use data on cyclically ad- 
justed revenue collections to create full- 
employment TMIX and TTOT variables for 
the United States.!8 These data were only 
available for the post-1955 period. The re- 
sults obtained using these variables were 
similar to those obtained with our unad- 
justed tax variables, suggesting that cyclical 
fluctuations are not an important source of 


18Fyll-employment data are not available for the 
U.K. on a quarterly basis. In the United States, data on 
federal taxes beginning in 1955 are published in Thomas 
Halloway (1984). Estimates of high-employment state 
and local receipts were constructed by the authors. 
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endogeneity for the receipts-based tax mea- 
sures.'? Unfortunately, the data are not 
available to examine the effects of cyclical 
adjustments for Great Britain, or for the 
entire post-1948 period in the United States. 

An alternative argument against the ex- 
ogeneity of TMIX might hold that the tax 
mix is set in response to projected economic 
conditions, or that it helps to forecast future 
economic policies. The historical context 
which generated changes in TMIX does not 
support these views. The 1979 tax reform in 
Great Britain immediately followed an elec- 
tion which was decided on grounds other 
than tax policy. The avowed purpose of 
its proponents was to improve incentives 
through reductions in marginal income tax 
rates. In the United States, most of the vari- 
ation in indirect taxes comes from move- 
ments in state sales taxes and employer 
payroll taxes. Neither of these are likely to 
be manipulated for macroeconomic pur- 
poses. More generally, it seems unlikely that 
governments systematically shift towards in- 
direct taxes when they foresee rising prices 
or when they intend to pursue more expan- 
sionary monetary policy. The 1979 reform in 
Britain was accompanied by an announced 
policy of monetary restraint. Nothing in the 
history of either British or American tax 
policy suggests that tax changes should help 
to forecast future monetary policies. This 
inference is consistent with the failure of 
Granger causality tests to reject the hypothe- 
sis that TMIX does not cause either money 
or TTOT. 

A second potential objection to our tests 
is that TMIX might have effects on output 
and prices through channels other than wage 
and price rigidities. Such a possibility cannot 
be ruled out, since changes in TMIX do not 
correspond precisely to our theoretical mod- 
el. Indirect taxes do not cover all goods, and 


19Although the results using full-employment and 
unadjusted TMIX are always similar, the resemblance 
between our equations for the 1948-84 period and the 
comparison equations for 1955-84 depended upon our 
choice of price series. The equations using the shelter- 
exclusive CPI are very similar to those for the full- 
sample period, while those using the GNP deflator 
are substantially different. 
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direct taxes are not strictly proportional. 
Nonetheless, it is difficult to explain our © 
findings along: these lines. Increases in indi- 
rect taxes coupled with equal revenue de- 
creases in direct taxes are usually thought to 
improve incentives to work and invest. Since 
indirect taxes are also less progressive than 
direct taxes, they should have smaller disin- 
centive effects. Thus they should raise output 
and reduce prices—the opposite of what we 
find. 

There are no controlled experiments in 
macroeconomics. Nevertheless, we find it 
difficult to account for our results in terms of 
the limitations of tax-shift experiments. At a 
minimum, the flaws in our tax-based tests 
are largely independent of those in tests 
which focus on the relationship between 
money and output. Our tests therefore pro- 
vide at least some additional evidence to 
support the hypothesis of wage and price 
stickiness. 


V. Conclusions 


A major thrust of much recent macroeco- 
nomic research has been the elucidation of 
business cycles as equilibria of competitive 
economies with fully flexible prices. Theories 
in both the “misperceptions” and “real busi- 
ness cycle” traditions emphasize the assump- 
tion of perfect price flexibility and the result- 
ing absence. of unexploited opportunities 
for beneficial exchange. These theories im- 
ply strong data restrictions: fully perceived 
changes in government policy which do not 
change any agent’s opportunity set should 
have no rea! effects. In contrast, the essence 
of contemporary Keynesian thinking is that 
prices are in some sense sticky, so some 
purely nominal disturbances do matter. 

The difficulty in empirically distinguishing 
these theories arises from the problem of 
isolating purely nominal disturbances. Tradi- 
tionally, they have been tested by examining 
the relationship between variously measured 
monetary shocks and real variables. These 
tests have not been entirely conclusive 
because a variety of rationalizations, with 
very different structural implications, can be 
offered for the comovement of money and 
output. 
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In this paper, we rely on tax shocks of a 
special sort to distinguish between classical 
and Keynesian models. A clear implication 
of microeconomic theory with flexible prices 
is that the side of the market on which a tax 
is collected does not influence its ultimate 
real effects. Tax changes between direct and 
indirect taxation therefore provide a natural 
experiment for.examining the importance of 
nominal rigidities. The appeal of the experi- 
ment is enhanced by the apparently unsys- 
tematic way in which taxes have varied. 

The results of our investigation provide 
evidence against the classical view that wages 
and prices are perfectly flexible. While ar- 
guments may be made to rationalize the 
comovements we observe with perfectly 
flexible prices, we find it impossible to con- 
vincingly account for the empirical regular- 
ities in the data without assuming some sort 
of price rigidity. 

Asserting that prices are rigid falls far 
short of explaining them or understanding 
their properties. Our results suggest that this 
remains a vitally important research prob- 
lem. “Menu costs,” which have been pro- 
posed as one explanation for price rigidities, 
cannot explain why many prices which can 
be changed at low cost, such as newsstand 
magazine prices,” appear to change infre- 
quently. Moreover, monetary policy appears 
potent even in highly inflationary economies, 
where menu costs should be less important. 

Our results have potentially important 
consequences for tax policy. Almost univer- 
sally, reforms in the tax structure are 
evaluated within the context of market-clear- 
ing models where prices are perfectly flexi- 
ble. Within such models, the distinction be- 


tween direct and indirect taxation is of no - 


consequence. Our findings suggest that this 
distinction may be important over periods of 
several years, during which prices are not 
fully flexible. Indeed, the macroeconomic 
consequences of some reforms may dwarf 
their microeconomic impact on economic 
efficiency. If unemployment is a significant 


Stephen Cecchetti (1984) presents detailed evi- 
dence on the inflexibility of magazine prices. 
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byproduct of certain tax reforms, traditional 
thinking about their incidence needs to be 
reconsidered. 

Consider as an example current proposals 
to raise revenue by taxing domestic and im- 
ported crude oil. Estimates by the Congres- 
sional Budget Office (1985) suggest that this 
measure would raise about $4.2 billion for 
each $1 per barrel tax. Thus a $5 a barrel tax 
would raise the indirect tax burden by $21 
billion. Our estimates suggest that if mone- 
tary policy were not altered, this would re- 
sult in lost output of $60 billion over the 
succeeding decade. Similar estimates are ob- 
tained assuming that monetary policy acts to 
keep nominal GNP constant following the 
tax reform. These figures bulk large relative 
to the allocative effects traditionally em- 
phasized in microeconomic analyses of ex- 
cise tax reforms. 

Some might argue that it is inappropriate 
to assess the output effects of tax reforms 
while holding monetary policy constant, 
since monetary policy could accommodate 
tax changes. This issue is treated in our 
paper (in preparation). If the monetary 
authority has set monetary policy to trade 
off unemployment and inflation in a desir- 
able way prior to tax reform, however, the 
loss of welfare from a small tax change will 
be independent of the monetary policy re- 
sponse. Unless one believes that monetary 
policy is wrong prior to a tax reform, there is 
no reason not to evaluate the effects of the 
tax holding monetary policy constant. This 
is especially true for small reforms in excise 
taxation. The effects of these reforms would 
be difficult to disentangle accurately enough 
for them to be explicitly accommodated by 
monetary policy. 

Our finding that shifts towards indirect 
taxation have adverse macroeconomic conse- 
quences raises an obvious question. Could 
macroeconomic performance be improved by 
reducing indirect taxes and increasing direct 
taxes? The conscious and regular use of such 
tax policies as stabilization measures would 
be such a significant change in policy regime 
that our estimates cannot shed much light on 
this issue. They do suggest, however, that 
such a change might well be desirable on a 
one-shot basis. The gains might be taken 
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either in the form of reduced inflation or 
increased output. Our paper (in preparation) 
demonstrates that if output is held constant, 
tax changes may have a permanent effect on 
the rate of inflation. 

Our results in this paper suggest a number 
of directions for future research. The robust- 
ness of our conclusions might be examined 
by studying tax changes in other countries or 
in individual American states. Structural 
estimation might yield more precise informa- 
tion on the nature of wage and price sticki- 
ness, and tax reforms might facilitate iden- 
tification of these models. The effects of 
alternative policy responses to large tax re- 
forms might also be considered. Perhaps 
most importantly, our results isolate a major 
class of apparent rigidities which economic 
theory needs to explain. 


REFERENCES 


Break, George M., “The Incidence and Eco- 
nomic Effects of Taxation,” in Alan 
Blinder et al., eds., The Economics of Pub- 
lic Finance, Washington: The Brookings 
Institution, 1974. 

Buiter, Willem and Miller, Marcus, “The 
Thatcher Experiment: The First Two 
Years,” Brookings Papers on Economic Ac- 
tivity, 2:1981, 315-79. 

Cecchetti, Stephen, “The Frequency of Price 
Adjustment: A Study of the Newsstand 
Prices of Magazines,” mimeo., NYU 
Graduate School of Business, 1984. 

Fischer, Stanley, “Long Term Contracts, Ra- 
tional Expectations, and the Optimal 
Money Supply Rule,” Journal of Political 
Economy, February 1977, 86, 191-206. 

Gordon, Robert J., “A Century of Evidence on 
Wage and Price Stickiness in the United 
States, the United Kingdom, and Japan,” 
in J. Tobin, ed., Macroeconomics, Prices 
and Quantities, Washington: The Brook- 
ings Institution, 1983. 

and King, Stephen, “The Output Cost 
of Disinflation in Traditional and Vector 
Autoregressive Models,” Brookings Papers 
on Economic. Activity, 1:1982, 205-42. 


POTERBA ET AL.: NOMINAL RIGIDITIES 675 


Halloway, Thomas M., “Cyclical Adjustment 
of the Federal Budget and Federal Debt: 
Detailed Methodology and Estimates,” 
U.S. Department of Commerce, Bureau of 
Economic Analysis Staff Paper 40, Wash- 
ington, 1984. 

Henry, S. G. B., “Incomes Policy and Aggre- 
gate Pay,” in R. Elliot and L. Fallick, eds., 
Incomes Policies, Inflation, and Relative 
Pay, London: George Allen and Unwin, 
1984, 

King, Robert G. and Plosser, Charles, “Money, 
Credit, and Prices in a Real Business Cycle 
Model,” American Economic Review, June 
1984, 74, 363-80. 

Mankiw, N. Gregory and Summers, Lawrence, 
“Are Tax Cuts Really Expansionary?,” 
NBER Working Paper No. 1443, 1984. 

Mishkin, Frederic S., “Simulation Methodol- 
ogy in Macroeconomics: An Innovation 
Technique,” Journal of Political Economy, 
August 1979, 87, 816-36. 

Nowotny, Ewald, “Inflation and Taxation,” 
Journal of Economic Literature, Séptember 
1980, 43, 1025-50. 

Poterba, James, Rotemberg, Julio and Summers, 
Lawrence, “Tax Policy and Inflation,” in 
preparation. 

Sargan, J. D., “The Consumer Price Equation 
in the Post-War British Economy: An Ex- 
ercise in Equation Specification Testing,” 
Review of Economic Studies, January 1980, 
47, 113-35. 

Sims, Christopher A., “Macroeconomics and 
Reality,” Econometrica, January 1980, 48, 
1-48. 

Solow, Robert M., “On Theories of Unem- 
ployment,” American Economic Review, 

March 1980, 70, 1-10. 

Taylor, John, “Aggregate Dynamics and Stag- 
gered Contracts,” Journal of Political 
Economy, February 1980, 88, 1-23. 

Wadhwani, Sushil, “Wage Inflation in the 
United Kingdom,” Working Paper No. 
132, Centre for Labour Economics, Lon- 
don School of Economics, 1983. 

U.S. Congressional Budget Office, Reducing the 
Deficit: Spending and Revenue Options, 
Washington: USGPO, 1985. 


Ricardian Consumers with Keynesian Propensities 


By Ropert B. BARSKY, N. GREGORY MANKIW, AND STEPHEN P. ZELDES* 


This paper examines Ricardian equivalence in a world in which taxes are not 
lump sum, but are levied on risky labor income. It shows that the marginal 
propensity to consume out of a tax cut, coupled with a future income tax increase, 
can be substantial under plausible assumptions. Indeed, the MPC out of a tax cut 
can be closer to the Keynesian value that ignores the future tax liabilities than to 
the Ricardian value that treats future taxes as if they were lump sum. 


In conventional Keynesian macroeconom- 
ic models, a debt-financed tax cut stimulates 
aggregate demand. An alternative view, first 
noted by David Ricardo and revived by 
Robert Barro (1974), is that a tax cut mere- 
ly replaces current taxes with future taxes of 
equal present value. If taxes are lump sum, 
capital markets are perfect, and all individu- 
als have operative altruistic bequest motives, 
debt and tax finance are equivalent, and tax 
cuts are inconsequential. 

Barro (1974, 1978) and James Tobin (1980) 
‘discuss a large number of deviations from 
Ricardian equivalence as various assump- 
tions of the formal theorem are relaxed. 
Childless couples, alternative models of the 
bequest motive, corner solutions, imperfect 
capital markets, and several effects arising 
from the non-lump sum nature of taxation 
and from uncertainty receive consideration. 
Tobin argues that all these effects imply that 
the replacement of current taxes with a 
package of debt and concomitant future taxes 
has a positive effect on aggregate demand. 
He says nothing, however, about either the 
relative importance of the various arguments 
or the quantitative significance of all of them 
taken together. Barro, on the other hand, 
while acknowledging deviations from the 
original hypothesis, concludes that they 
have indeterminate sign. Hence, he claims, 


*University of Michigan, Ann Arbor, MI 48109; 
Harvard University and NBER, Cambridge, MA 02138; 
The Wharton School, University of Pennsylvania, 
Philadelphia, PA 19104, respectively. We are grateful to 
Robert Barro, Olivier Blanchard, Stanley Fischer, Terry 
Marsh, Torsten Persson, Lawrence Summers, John 
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Ricardian equivalence is the appropriate 
benchmark. 

In this paper we examine one particular 
deviation from Ricardian equivalence (dis- 
cussed by both Barro and Tobin) and argue 
that it has both determinate sign and poten- 
tially major quantitative significance. Barro 
writes, “It seems clear that, either in the 
sense of effects on perceived total wealth, or 
in the sense of risk composition of house- 
hold portfolios, the impact of changes in 
government debt cannot be satisfactorily 
analyzed without an explicit treatment of the 
associated tax liabilities” (1974, p. 1115). 
Taking Barro seriously, we offer such an 
explicit treatment, noting that taxes are not 
lump sum, but are positively related to 
income (indeed, progressively so), and 
that uncertainty about future income is 
substantial. 

We emphasize the stylized fact (noted by, 
for example, Robert Lucas, 1977, and docu- 
mented later in this paper) that variation in 
individual fortunes is large relative to ag- 
gregate uncertainty. A general, though not 
universal, feature of optimal consumption 


.plans is a precautionary demand for saving 


(Hayne Leland, 1968). In this case, as long 
as claims on human capital cannot be traded, 
a tax cut leads to increased consumption. 
The reason for this stimulatory effect is that 
the tax cut provides certain wealth while the 
future tax increase is contingent upon future 
income. Taken together, these effects reduce 
income uncertainty without changing the 
present value of expected tax payments.’ 


1Our examination is a partial equilibrium one, in 
that we consider only the decision of a consumer in the 
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The principal result of this paper is that in 
a stylized but highly suggestive model with 
plausible estimates of the parameter values, 
the marginal propensity to consume (MPC) 
out of a tax cut, with associated future in- 
come taxes, is likely to be large. Indeed, the 
MPC is in the neighborhood of neo-Keynes- 
ian values of the MPC that incorporate the 
life cycle (permanent income) view of con- 
sumption, but ignore the future tax liabilities 
implied by debt finance. Of course, the 
mechanism we highlight is very different from 
the usual “bonds are net wealth” channel, 
since individuals fully perceive all future tax 
liabilities. In our model, the positive MPC is 
due to the reduction in precautionary saving 
when the government, by reducing the vari- 
ance of future income, provides insurance to 
individuals that is not available in the private 
market. 

Much of this paper is aimed at demon- 
strating the quantitative importance of the 
risk-sharing effect on consumption. This 
effect clearly depends on the nature and 
amount of individual uncertainty about fu- 
ture labor income. Interpreting the model on 
Barro’s own turf, where operative intergener- 
ational bequests are central, we consider not 
just uncertainty about one’s own income, 
but uncertainty about the fortunes of future 
generations as well. Evidence from the avail- 
able studies of income dynamics suggests 
that the degree of such uncertainty is likely 
to be in line with that required for a large 
marginal propensity to consume.. 

As is well known, solving for the decision 
rule of a consumer facing uncertain future 
income is intractable except in some simple 
cases.: Therefore, to show the potential im- 
portance of the risk-sharing effect of a tax 
cut, we rely on the use of simulations. In 
particular, we use the technique of stochastic 
dynamic programming to examine the re- 
sponse of optimal consumption to the in- 
come tax cut and future tax increase. Previ- 
ous authors consider at most the sign of the 





face of a tax cut. Of course, this partial equilibrium 
effect of a tax cut on consumer spending is a prerequi- 
site for the conventional general equilibrium conclu- 
sions. 
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risk-sharing effect. Through the use of simu- 
lation, we are able also to examine its 
quantitative importance. 

Out of necessity, our simulations are highly 
stylized. The available panel data are not 
sufficiently detailed to permit estimation and 
simulation of a complete model of income 
dynamics with heterogeneous agents. The 
only tractable strategy is to choose a simple 
and suggestive specification characterized by 
a minimal number of parameters, and then 
to calibrate the model by requiring confor- 
mity with the available evidence. The sim- 
plicity of our specification allows extensive 
analysis of the sensitivity of the results to 
changes in the underlying parameter values. 


I. The Model 


In this section we show analytically how 
a tax cut coupled with a future income 
tax increase can stimulate consumer spend- 
ing through the precautionary motive for 
saving. Our development follows that of 
Louis Kuo Chi Chan (1983), who provides a 
careful discussion of the importance of miss- 
ing matkets for various deviations from 
Ricardian equivalence. We examine here just 
one of these deviations using a two-period 
model. All individuals in the model are iden- 
tical ex ante. Their labor income in the 
second period is uncertain and there do not 
exist markets through which they can insure 
against this risk.2 We consider a policy un- 
der which the government cuts taxes in the 
first period, issues bonds to finance the tax 
cut, and increases income taxes in the sec- 
ond period to repay the debt. 


Each individual maximizes expected 
utility: 
(1) EU(C,,C), 


where C = first-period consumption, C, = 
second-period consumption, E = the expec- 
tation operator conditional on information 


?That is, we exclude markets through which human 
capital returns can be explicitly traded and also securi- 
ties with which individual-specific income risk can be 
hedged. 
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available in the first period, and U(-) = the 
von Neumann-Morgenstern utility function. 

Before the policy intervention, each indi- 
vidual has first-period labor income p, and 
second-period labor income Y, = u, +€, 
where e is a random variable that has zero 
mean and is uncorrelated across individuals. 
Although each individual faces uncertainty 
regarding his future income, there is no ag- 
gregate uncertainty. 

Each individual can borrow and lend at a 
risk-free interest rate. Wealth after the first 
period is 


(2) W=mu-G. 


Let R be one plus the real interest rate. 
Second-period consumption is 


(3) C =RW+p, +e. 


In the absence of any government interven- 
tion, each individual maximizes expected 
utility (1) subject to the constraints (2) 
and (3). 

Suppose the government gives each indi- 
vidual a tax cut T in the first period. Since 
all individuals in the model are identical 
ex ante, the form of the tax cut is irrelevant. 
Wealth after the first period is 


(2’) W=p,+T-C,. 


The government raises taxes to repay the 
debt in the second period. Suppose it obtains 
the extra revenue by an increase in a labor 
income tax.? That is, an individual with in- 
come Y, must pay 


(4) tY, 


in additional taxes, where ż = the tax rate. 


3Note that capital income is not taxed. If it were, 
then the policy intervention would lower the after-tax 
real interest rate, which would also affect consumption. 
Since our goal is to examine only the risk-sharing effect, 
we do not include capital taxation. We also do not 
examine the human capital decision, which in principle 
is also affected by the policy intervention (Jonathan 
Eaton and Harvey Rosen, 1980). 
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The government sets the tax rate ¢ so that 
the total amount raised equals the debt, 
which is RT per person in the second period. 
This government budget constraint requires‘ 


(5) RT=1t(p2), 
or, equivalently, 
(5’) t= RT/p,. 


The amount of tax an individual with in- 
come Y, pays is therefore 


(4’) RT(Y,/p2). 


An individual’s consumption in the second 
period is now 


(3) C,=RW+p,+e—RT(p, +2)/py 
= RW+p,—-RT+(1—- RT/p,)e. 


Each individual maximizes expected utility 
(1) subject to the constraints (2) and (3’). 
The first-order condition is 


(6) E[U,(C,,C)] = RE[U,(C,,C,)]. 


The three equations (2’), (3’), and (6) jointly 
determine the three variables C,, C,, and W. 

We do not solve for the level of consump- 
tion C}, as doing so is intractable except in 
simple examples. We can solve for the 
marginal propensity to consume (MPC) out 
of the tax cut as a function of optimal con- 
sumption. By implicitly differentiating the 
equations (2’), (3’), and (6), we solve for 
dC, /aT. We find® 


(7) MPC 


R Cov[( RU, ~ U2), e] 
"= p| EUn —2REU,, + REV] ` 





4More formally, the budget constraint requires that 
the tax rate times income per capita equals debt per 
capita. As the size of the population approaches infin- 
ity, the tax rate implied by this budget constraint con- 
verges in probability to the tax rate implied by (5’). 

5Equation (7) is parallel to Chan’s equation (11). 
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The MPC is not generally zero. A sufficient 
condition of the MPC to be positive is that 
RU ~U, be uniformly positive.® In the 
additively separable case, the third derivative 
of the utility function must be positive. In 
other words, marginal utility must be a con- 
vex function of consumption. This condition 
is even weaker than the condition of nonin- 
creasing absolute risk aversion. Leland and 
Agnar Sandmo (1970) discuss the more gen- 
eral case and conclude that one should typi- 
cally expect this condition to hold. Hence, 
the marginal propensity to consume out of a 
tax cut is presumptively greater than zero. 

A common argument, made by Warren 
Smith (1969) and Robert Mundell (1971) 
among others, is that bonds are net wealth 
because individuals discount the associated 
future tax liabilities at an interest rate higher 
than’ the rate on government bonds. One 
cannot interpret our analysis in this way. A 
discount rate for human capital that includes 
a risk premium and thus exceeds the govern- 
ment bond rate is not sufficient to generate 
our results. For example, in the case of 
quadratic utility, optimal consumption deci- 
sions display certainty equivalence, despite 
the risk aversion of the consumer. In this 
case, the amount the individual would pay 
today to avoid his tax liabilities is less than 
their present value computed using the risk- 
free rate. Nonetheless, the MPC out of a tax 
cut is zero, since the third derivatives of the 
utility function are zero. The effects of debt 
and future taxes on the consumption deci- 
sion cannot be analyzed by reference to any 
summary wealth statistic.’ 
` The positive marginal propensity to con- 
sume out of a tax cut relies on the absence of 
contingent claims markets through which an 
individual can privately diversify away his 
individual human capital risk. This assump- 


6 This result is demonstrated by noting that, for any 
nondegenerate random variable X and function F(-), 
if F’ is uniformly positive, then Cov( X, F(X)) > 0. 

TAn alternative reason that the. future taxes might be 
discounted at an interest rate higher than that paid on 
the government debt might be that individuals borrow 
and lend at different interest rates. Such liquidity con- 
straints are not present in our model. 
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tion appears a reasonable starting point for 
our analysis, since these contingent claims 
markets do not in fact appear to exist. Fu- 
ture research could integrate this analysis 
with an explicit model of missing markets. 
One way would be to assume that individu- 
als have greater information on the distribu- 
tion of their future income than is publicly 
available. It is well-known that the govern- 
ment can provide insurance through manda- 
tory coverage even if adverse selection makes 
private insurance infeasible. 

The model could be made more realistic, 
as well as greatly more complicated, by in- 
cluding moral hazard.’ When incentive ef- 
fects on labor supply are admitted, the in- 
crease in insurance achieved through tax cuts 
may or may not be optimal. Even if govern- 
ment insurance is not optimal, a tax cut that 
provides insurance will still affect the opti- 
mal consumption level of individuals. Fol- 
lowing the analysis of Jacques Dréze and 
Franco Modigliani (1972), one can decom- 
pose the risk-sharing effect into an income 
effect and a substitution effect. We suspect 
that at the optimal level of government in- 
surance, the marginal deadweight losses ex- 
actly balance the income effect, while the 
substitution effect continues to stimulate 
current consumption.’ More generally, we 
believe that incorporating an explicit model 
of missing markets will not qualitatively al- 
ter the conclusions of this analysis. 

The sign of the MPC would be affected 
by altering the risk characteristics of the 
future tax liabilities. For example, Barro 
(1974) and Chan point out that if taxes are 
levied on individuals at random, then a sub- 
stitution of certain current taxes with ran- 
dom future taxes increases perceived risk 
and decreases current consumption. We sus- 


SAs the model stands, a 100 percent tax rate with 
lump sum rebates is optimal. Our purpose, however, is 
to examine the positive, and not the normative, implica- 
tions of the risk-sharing effect. Hal Varian (1980) dis- 
cusses the possible optimality of redistributive taxation 
as social insurance. 

9 OF course, this will not hold more generally and, in 
particular, if the marginal tax rate depends on other 
considerations, such as the need to fund public expendi- 
ture. ' 


680 THE AMERICAN ECONOMIC REVIEW 


pect that the risk-creating effect of capri- 
cious taxation is empirically less important 
than the risk-sharing effect of income taxa- 
tion. Similarly, to the extent that the future 
tax liabilities fall more heavily on the poor, 
possibly through reductions in transfer pay- 
ments, government debt would again be 
risk-creating. Future research could address 
these issues more fully. 


Il. The Extent of Income Uncertainty 


The model and the effect we highlight rely 
on the existence of individual uncertainty 
regarding future income. Before turning to 
our simulation results, we examine the evi- 
dence on the extent of uncertainty regarding 
future income. As becomes clear below, this 
task is not a simple one. In this section, we 
attempt to use existing analyses of income 
dynamics to shed some light on the nature of 
this distribution. The available evidence is 
consistent with the view that the degree of 
uncertainty is substantial. 

We consider two interpretations of our 
model. In the first, the uncertainty concerns 
the income of an individual within his life- 
time. In the second interpretation, the un- 
certainty concerns the performance of future 
generations of the family. We begin with the 
former. 


A. Individual Uncertainty 


One interpretation of the model, analo- 
gous to many interpretations of overlapping 
generations models, is that the two periods 
correspond to the two halves of a single 
person’s life. That is, we can consider each 
period as corresponding to roughly thirty 
years. The policy intervention then entails a 
tax cut during a person’s youth coupled with 
a tax increase during his old age. Under this 
view, the relevant measure of the uncertainty 
is that of a young person regarding his in- 
come during the second half of his life. 

In their analysis of the Michigan Panel 
Study of Income Dynamics (PSID), Daniel 
Hill and Saul Hoffman pose the question, 
“Does an individual’s economic status re- 
main relatively constant over time or is there 
widespread change in economic standing?” 
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Their conclusion is that “change in status is 
not only quite common but often quite 
dramatic as well” (1977, p. 30). In terms of 
the “income/needs ratio” discussed by Greg 
Duncan and James Morgan, “less than a 
quarter of married men were in the same 
decile position in both 1967 and 1974, about 
30 percent changed by one decile, and about 
45 percent shifted by two deciles or more” 
(1977, p. 30).!° 

Another finding from analysis of the PSID 
is that individual incomes are highly vul- 
nerable to disability, which includes medical, 
psychiatric, and other factors limiting hours 
of work or precluding work entirely. It is a 
mistake to conclude that individuals largely 
insure themselves against income loss from 
disability. “Even when transfers offset some 
of the impact, there was a $3000 to $5000 
a year difference in the family head’s income 
associated with his or her disability” (Mor- 
gan, 1980, p. 285). 

Robert Hall and Frederic Mishkin (1982), 
in their study of the sensitivity of consump- 
tion to income, provide statistical estimates 
of the income process that allows us.to infer 
the degree of uncertainty. Using the PSID 
data, they first use regression to correct 
family income for life cycle and other demo- 
graphic effects. They then divide the residual 
into a lifetime component, which follows a 
random walk, and a transitory component, 
which follows a second-order moving-aver- 
age process. Over a forecast horizon of thirty 
years, the variance of the lifetime component 
far exceeds the variance of the transitory 
component. Hall and Mishkin report that 
the annual innovation to the lifetime compo- 
nent has a standard deviation of about $1200. 
The standard error of a forecast over a 
thirty-year horizon is thus $6600. Since the 
median family income during their time 
period (1972) was roughly $12,000, the im- 
plied coefficient of variation is 0.55." 


Hill and Hoffman (p. 33) also report that the 
largest share of variation in the income/needs ratio 
comes from income rather than needs. 

Alternatively, one might look at the uncertainty 
concerning average income in the second half (30 years) 
of life. If the individual is half way through the first 
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The uncertainty in our model is individual 
rather than aggregate. This assumption is 
important, since the government cannot pro- 
vide insurance against aggregate shocks to 
income. It is, however, also empirically valid. 
Hall and Mishkin report that the “over- 
whelming bulk of-movements in income that 
give rise to our inference from the data are 
unrelated to the behavior of the national 
economy; most are probably highly per- 
sonal” (p. 480). Thus, the observed degree of 
uncertainty is correctly interpreted as a mea- 
sure of individual rather than aggregate risk. 

While the results from these studies are 
consistent with the view that there is sub- 
stantial income uncertainty, this interpreta- 
tion is certainly not free of.problems. Not all 
of the measured variation reflects true uncer- 
tainty about lifetime earnings. Measurement 
error is one problem that arises when using 
panel data.!? In the Hall and Mishkin study, 
however, the measurement error is likely to 
be included in the transitory component of 
income and thus should not affect the esti- 


mated conditional variance of the lifetime 


component. 

A second problem of these studies is that 
the individual agents may have greater infor- 
mation than the econometrican. That is, what 
is “news” to the econometrican may not be 
news to the individual. Benjamin Eden. and 
Ariel Pakes (1981) develop a methodology 
that can deal with this problem, as well as 
the measurement error problem, using the 
restrictions imposed by the permanent in- 
come hypothesis (Hall, 1978): In particular, 
only genuine news about permanent income 
should affect consumption. Unfortunately, 
the data Eden and Pakes use are not of high 
quality, resulting in a large confidence inter- 


(30-year) period and assuming income follows a random 
walk (i.e. ignoring the transitory component), the 
coefficient of variation of the forecast of second period 
average income is 0.50, close to the 0.55 of the text. 
Thomas MaCurdy (1982) estimates an earnings equa- 
tion with a different stochastic specification using the 
same data. Calculations based on his estimates imply a 
similar coefficient of variation. i 

12 See, for example, Joseph Altonji and Aloysius Siow 
(1984). i 
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val for the variance of the innovation in 
permanent income. Nevertheless, this meth- - 
odology may provide an avenue through 
which future research can resolve this dif- 
ficulty. 


B. Intergenerational Uncertainty 


A second interpretation of the model is 
that the.two periods represent two genera- 
tions, The relevant measure of uncertainty is 
that of a person forecasting the. income of 
his child. Perhaps surprisingly, it is easier to 
glean evidence on the conditional distribu- 
tions of sons’ and grandsons’ incomes than 
on the conditional distribution of own in- 
come. The distribution of a descendant’s in- 
come presumably depends on a small num- 
ber of identifiable characteristics. 

A classic reference for the distribution of 
earnings conditional on family background, 
educational attainment, and occupational 
status is Christopher Jencks (1972). Among 
his striking findings are: 

‘1) Upper-middle-class parents are un- 
able to ensure that their children will main- 
tain their privileged position. Among men 
born into the most affluent fifth of the popu- 
lation, only 40 percent will be in this top 
quintile as adults (p. 215). f 

2) Correlation between parents’ and 
son’s permanent incomes is only about 0.3 
(p. 236). 

3) Family background explains about 
15 percent of the variation in earnings. The 
earnings of brothers raised in the same home 
would vary radically. “In 1968, for example, 
if we had compared random pairs of individ- 
uals, we would have found that their earn- 
ings differed by an average of about $6,200. 
If we had had data on brothers, our best 
guess is that they would have differed by at 
least $5,600.” If the earnings of the general 
population exhibited only the degree of in- 
equality characteristic of brothers, the best- 
paid fifth of all male workers would still 
earn six times the pay of the lowest quintile 
(pp. 219-20). 

4) “Neither family background, cogni- 
tive skill, educational attainment, nor oc- 
cupational status explains much of the varia- 
tion in men’s incomes. Indeed, when we 
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compare men who are identical in all these 
respects, we find only 12 to 15 percent less 
inequality than among random individuals” 
(p. 226). 

The following table compares several 
parameters of the conditional distribution of 
earnings given father’s education and oc- 
cupational status with the corresponding 
parameters of the unconditional distribution. 
The underlying data are earnings of full-time, 
year-round, male workers in 1968 (p. 236). 


Conditional 
Distribution 
Given Father’s 
Uncon- Education and 
ditional Occupational 
Distribution Status 
Standard 
Deviation $5,508 $5,232 
Ratio of Mean of 
Top 5th to Mean 
of Bottom 5th 7.1 6.5 


Jencks interprets these numbers as evidence 
indicating a large random component in the 
determination of lifetime earnings. In sum- 
mary, “luck has far more influence on in- 
come than successful people admit” (p. 227). 

Some studies, such as that of John Brittain 
(1977), criticize Jencks on a- variety of 
grounds: for not using- actual data on 
brothers, for underestimating the correlation 
of income within families, and for jumping 
to excessively strong conclusions given his 
evidence. But, as the sophisticated studies in 
Paul Taubman’s (1977) volume indicate, re- 
peating Jencks’s exercise with actual data on 
brothers and with more advanced statistical 
techniques leads to almost identical conclu- 
sions. For instance, Michael Olnick writes, 
“The average difference between brothers on 
earnings is 87 percent as large as the dif- 
ference between random individuals” (1977, 
p. 137). Thus no parent can feel assured of 
even roughly- predicting his children’s future 
earnings. 


HI. Two-Period Simulations 
The theory shows that, under plausible 


conditions, the marginal propensity to con- 
sume out of a tax cut is positive because of 


SEPTEMBER 1986 


the risk-sharing effect. Examination of the 
degree of income uncertainty suggests that 
human capital returns are indeed risky and 
undiversifiable through contingent claims 
markets. We now turn to the question of 
whether the risk-sharing effect is quantita- 
tively large. We answer this question by sim- 
ulating the consumer’s optimization prob- 
lem for reasonable parameter values. The 
simulation method is explained in the Ap- 
pendix. 

A major difficulty in attempting to quan- 
tify the risk-sharing effect arises when decid- 
ing on an appropriate way to use the limited, 
though suggestive, evidence on income un- 
certainty reviewed in Section II. In principle, 
one approach would be to construct a multi- 
point distribution that would mimic the un- 
certainty regarding lifetime income faced by 
a typical family. We do not adopt this ap- 
proach because the available evidence is 
much too scanty to allow us to pin down 
such .a distribution. Instead, we choose a 
simple, symmetric three-point distribution, 
which is characterized by two parameters. 
We then calibrate these parameters by re- 
quiring that the implied coefficient of varia- 
tion (standard deviation divided by mean) 
be consistent with the results of Hall and 
Mishkin and others. 

We assume throughout that the utility 
function is time-separable. We begin with 
two-period simulations. As discussed above, 
one can interpret the simulations in two 
ways. The first interpretation is that each 
period represents one-half of a single life. 

During the first half of the individual’s 
life, he earns $100. During the second half, 
he also expects to earn $100. This latter 
income, however, is uncertain. We assume 
that second-period income follows the distri- 
bution: 


Y, =(1— x)100 with probability p, 
100 with probability 1—2 p, 
(1+ x)100 with probability p. 

With some probability p, his income falls 


below its mean value of 100. One can view 
this unlucky ‘event as a variety of possible 
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outcomes. As discussed above, the degree of 
income uncertainty is great for the typical 
individual. The individual could become dis- 
abled, losing much of his earning power. The 
individual might lose his job in a high-pay- 
ing industry because of technological in- 
novation or foreign competition. Or he sim- 
ply could turn out less successful in his 
chosen occupation than he anticipated. The 
first outcome in our three-point distribution 
represents the “bad” event which, although 
possibly unlikely, may be sufficiently worri- 
some to generate a precautionary demand 
for saving. 

The distribution of the individual’s future 
income is symmetric, so that there is also a 
probability p of an extraordinarily good 
event. Individuals find themselves more suc- 
cessful in their careers than they expected. 
This sort of event is represented in the third 
outcome in the above distribution. 

The second interpretation of the model is 
that the first period represents an individual’s 
life, while the second represents the life of 
his child. Under this view, the individual is 
relatively certain of his own lifetime income, 
but his child’s lifetime income is unknown. 
(Indeed, his child may not even be born yet.) 
For concreteness, we discuss the simulation 
as if it were two periods of a single life. 

We consider a tax cut that gives the in- 
dividual T in the first period along with a 
contingent tax liability in the second period. 
In the bad state, the individual pays no tax. 
In the two other states, he pays a tax propor- 
tional to his income in excess of the floor 
income (1— x)100. In expectation, the pres- 
ent value of his tax liability equals his tax 
cut.4 

The policy intervention we consider is a 
marginal tax change for an economy in which 
taxes and transfers already exist. Therefore, 
Y, is income net of these existing taxes and 
transfers. The income floor of (1— x)100 is 
possibly due to existing government pro- 


The MPCs reported for these two-period examples 
are for an infinitesimal T; these are very close to the 
MPCs calculated for a T of 5 percent of first-period 
income. 

14 That is, RT = E[t(Y, — (1 — x)100)]. 
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grams. We assume that this income floor is 
not affected by the policy intervention.’ 

Our three-point distribution exhibits a 
coefficient of variation (a) equal to x2 p¥⁄. 
As a conservative summary of the estimated 
coefficient of variation from the empirical 
literature, we take o to be at least 1/3 but 
no larger than 1/2. Of course, many combi- 
nations of p and x are consistent with a 
given value of o. Moreover, the marginal 
propensity to consume out of a tax cut de- 
pends on the entire distribution of income, 
not just its second moment. It is therefore 
important to examine the various combina- 
tions of the two parameters to ensure that 
any conclusion is robust. 

Table 1 presents the results of the simula- 
tions for two scenarios. The real interest rate 
is zero (R =1) and the utility function of the 
consumer is additively separable through 
time with no time preference. The single- 
period utility function exhibits constant rela- 
tive risk aversion.!® For the results in panel 
A, the coefficient of relative risk aversion is 
one, while for the results in panel B, the 
coefficient of relative risk aversion is three.” 
The region for which 1/3 <ø <1/2 is 
marked in each panel. 

Implicit in much neo-Keynesian analysis 
of tax cuts, such as that of Alan Blinder 
(1981), are two assumptions. First, con- 
sumers set their consumption in proportion 
to the present value of expected income. In 
other words, their behavior is based on the 
life cycle (permanent income) theory of con- 


lAlternatively, one could assume that the tax in- 
crease is strictly proportional, rather than progressive, 
In this case, the MPC is exactly the product of x and 
the MPC as we compute it. 

16One property of this iso-elastic utility function is 
that a proportionate change in income, wealth, and the 
distribution of future income does not affect the mar- 
ginal propensity to consume. Heterogeneity regarding 
current (certain) wealth relative to future (uncertain) 
income is ignored here but is discussed in Zeldes (1986). 
Zeldes’s simulations suggest that the MPC is decreasing 
in the level of certain wealth relative to uncertain in- 
come. 

17Recent studies that estimate the coefficient of rela- 
tive risk aversion find values in this range. See, for 
example, Lars Hansen and Kenneth Singleton (1983) or 
Mankiw (1985). 
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TABLE 1—THE MARGINAL PROPENSITY TO CONSUME 





x=1/4 
A. Logarithmic Utility? 
p=1/128 0.50 
[0.00] 
p=1/22 0.50 
[0.02] 
p=1/8 . 0.51 
[0.07] 
p=1/4 0.51 
[0.13] 
p=1/2 0.52 
[0.24] 
B. Relative Risk Aversion of Three? 
p=1/128 0.50 
(0.01) 
p=1/32 0.50 
10.04) 
p=1/8 0.51 
[0.14] 
p=1/4 0.52 
[0.25] 
p=1/2 0.52 
10.39] 


x=1/2 


x=3/4 x=1 





Notes: The top number is the MPC out of tax cut alone; the number below in brackets 
is the MPC out of a tax cut coupled with a future income tax increase. 


„Assumptions: U(C,, O) = 


log(C,) + log(C,). 


"Assumptions: U(C,,G) =(ch-4)/a- Á+- AJA- A); A=3. 


R=1.0; Y, =100; Y; = 


vS x)100 with prob. p 


mith prob, 1 2p 


a +x)100 with prob. p 


sumption and on certainty equivalence. Sec- 
ond, the future tax liabilities implied by debt 
finance are ignored, presumably because they 
fall on some future generation. Under these 
two assumptions, the MPC out of a tax cut 
in a two-period model with no discounting is 
0.5. Thus, we take 0.5 to be the benchmark 
“Keynesian” estimate. 


A. Excess Sensitivity 


The first important observation is that 
consumption exhibits “excess sensitivity” to 
current income. Much work on consump- 
tion, not only that of Blinder on tax cuts, 
but also that of Marjorie Flavin (1981), Hall 
and Mishkin, and Ben Bernanke (1985), rests 
on the assumption that optimal consumption 
exhibits certainty equivalence. In this case, 
one need look only at the first moment of 


income to determine the optimal level of 
consumption. As pointed out above, cer- 
tainty equivalence implies an MPC out of 
wealth of 0.5 in our two-period example. 

As Zeldes shows, utility functions with 
positive third derivatives can exhibit “excess 
sensitivity,” even though consumption is set 
optimally and there are no borrowing con- 
straints." The top numbers in Table 1 show 
the MPC out of a tax cut with no associated 
future tax increase for various degrees of 
uncertainty. These MPCs are greater than 
0.5, the value one would obtain assuming 
certainty equivalence. 


l8Another and very different explanation of excess 
sensitivity is suggested by Ron Michener (1984): in 
general equilibrium, rates of return may vary to make 
consumption more closely track income. 
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B. A Bird in the Hand 


The numbers in brackets in Table 1 are 
the MPCs out of a tax cut coupled with a 
future income tax increase. The tax change 
has no effect on the individual’s permanent 
income as defined by, for example, Flavin. 
Yet the tax change can often have very large 
effects on consumption. 

If we assume 1/2<o0<1/3, then the 
MPC is never smaller than 0.28 with loga- 
rithmic utility and 0.45 with relative risk 
aversion of three. The individual’s marginal 
propensity to consume out of a one dollar 
tax cut is high, even though he will, on 
average, have to repay the dollar to the 
government in the second period.!® The con- 
sumer is Ricardian in taking into account 
the future tax liabilities implied by debt 
finance, and is Keynesian in increasing his 
spending in response to the tax cut. 

A comparison of the top and bottom 
numbers demonstrates the importance of the 
future tax increase as a factor mitigating the 
stimulative effect of the tax cut. For distribu- 
tions with little uncertainty (small x and p), 
the tax increase almost fully eliminates the 
effect of the tax cut on spending. For distri- 
butions with 1/3 < ø <1/2, which appear to 
fit the stylized facts we discuss above, the 
future tax increase provides only a small 
mitigating effect. Because the individual pays 
no taxes if “times are bad” for-him, the 
future liability has little effect on current 
consumption. The tax cut, like a bird in the 
hand, stimulates spending, despite the con- 
tingent tax increase. Indeed, a naive observer 
might wonder if the consumer simply ignores 
his future tax liability altogether. 


C. Unlikely and Unlucky Events 


It is particularly interesting to compare 
the two MPCs for the x =1 column. With 
these distributions, there is a small but non- 
zero probability of zero income in the sec- 
ond period. In this unlucky event, the indi- 


1°The optimal level of saving in this example is 7.5 
percent of first-period income. 
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vidual consumes only what he saved from 
the first period. 

The MPC out of a tax cut, along with the 
future income tax increase, is very large for 
all these distributions. Even if the unlucky 
event is unlikely (p=1/128), the uncer- 
tainty is sufficient to generate a large MPC: 
0.56 in panel A and 0.73 in panel B. Remem- 
ber that if p were equal to zero, the MPC 
would also be zero. It appears that consump- 
tion and saving behavior can be greatly 
affected by small probability events. 

One might argue that a second-period in- 
come of zero is unrealistic, since various 
institutions in society provide a floor on 
income. Although the existence of such a 
floor is undeniable, it is also true that. there 
is some consumption level below which 
survival is impossible. Suppose that society 
provides a floor on income at the survival 
level, C,, and that utility is defined in excess 
of this survival level as . 


U(C)=(C-G)74/(1-4). 


In this case, the results in the x =1 column 
continue to apply, regardless of the level of 
the income floor. 


D. The Rates of Interest and Time Preference 


In the above simulations, we assume that 
the real interest rate between the two periods 
is zero and that individuals do not discount 
future relative to present utility. Table 2 
presents results that relax these assumptions. 
Since the two periods represent two halves 
of a single life, we use a real interest rate of 
50 percent and a comparable discount rate. 
We see that a higher real interest rate lowers 
the MPCs, while a higher rate of time pref- 
erence raises the MPCs. Our primary con- 
clusion—that a tax: cut can have a large 
impact on consumer spending despite the 
future tax liabilities—is not affected by al- 
ternative rates of interest and time prefer- 
ence. 


E. Growth in Income 
The simulation results above assume no 


growth in expected income. In reality, the 
growth of per capita real income is not zero 
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TABLE 2—THE MARGINAL PROPENSITY TO CONSUME: ALTERNATIVE RATES 
OF INTEREST AND TIME PREFERENCE? 











x=1/4 

R=B=10 0.51 
[0.13] 

R=fB-'=15 0.61 
[0.15] 

R=1.0 0.61 
8 =L5 [0.19] 

R =1.5 0.51 
B-}=10 [0.10] 











x=1/2 x=3/4 x=1 
0.54 0.59 0.65 
[0.28] [0.44] [0.58] 
0.63 0.68 0.73 
0.32] 10.49) [0.63] 
0.66 0.72 0.77 
{0.41} [0.60] [0.73] 
0.52 0.56 0.61 
10.21] [0.34] [0.47] 





Notes: See Table 1. 


*Assumptions: U(C,, C2) = log(C,)+ £ log(C,). 


Y, =100; Y, =(1— x)100 with prob. 1/4 
100 


with prob. 1/2 


(1+ x)100 with prob. 1/4 


but has averaged about 2.2 percent annually 
since 1960. Taking into account such growth 
Strengthens our conclusions by making a 
higher fraction of lifetime income uncertain. 
In particular, if we scale up each of the 
possible outcomes by a constant growth fac- 
tor (1+ g) and assume the same tax struc- 
ture (proportional to income in excess of the 
floor income), the new MPC is the same as 
if we had increased the parameter x by a 
factor of (2+2g)/(2+ g). For a value of 
1+ g of 1.92 = (1.022)*°, the MPC for any 
Xo is the same as the MPC without growth 
for x =1.31x9. If p =1/4, x =1/2, g = 0.92, 
the MPC out of a tax cut with logarithmic 
utility would be 0.38, as opposed to a MPC 
of 0.28 in an economy without growth. 


F. A Multipoint Income Distribution 


As a final two-period simulation, we try a 
multipoint income distribution. Again, there 
is no discounting of any sort. We consider 
the two periods as two generations. The 
father earns $100 with certainty in the first 
period. The son also expects to earn $100. 
We base the distribution for the son on the 
distribution of the earnings of full-time, 
year-round male workers in 1970, as re- 
ported by Jencks (p: 213). In particular, the 
son’s income distribution is”° 


20 This distribution, which has a coefficient of varia- 


$12 with prob. 0.047 $105 with prob. 0.179 


35 0.082 146 0.195 
58 0.171 204 0.063 
82 0.244 350 0.019 


We compute the MPC for the utility func- 
tion exhibiting constant relative risk aversion 
of three. The MPC out of a tax cut with no 
future tax liability is 0.60, while the MPC 
out of a tax cut with a future proportional 
income tax increase is 0.41.71 This latter 
value of the MPC out of a tax cut is closer 
to the Keynesian benchmark of 0.5, than to 
the Ricardian benchmark of zero. 

To test the robustness of our result to 
alternative forms of the utility function, we 
also compute the MPC for this multipoint 
distribution using a constant absolute risk- 





tion of about 0.6, overestimates the uncertainty by 
including some transitory and life cycle variation in 
income, but underestimates the uncertainty by ex- 
cluding all disability and chronic unemployment. 

21 The level of saving in this example is 23 percent of 
first-period income. This finding suggests that the pre- 
cautionary motive for saving may be an important 
explanation for the high level of bequests reported by 
Laurence Kotlikoff and Lawrence Summers (1981). In- 
terestingly, the family in this example would pay 36 
percent of its first-period income to eliminate second- 
period income uncertainty entirely (keeping the mean 
constant). 
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aversion utility function. We choose the 
coefficient of absolute risk aversion so that 
the coefficient of relative risk aversion at the 
mean of second-period income is equal to 
three (the value we use above).”” In this case, 
the MPC out of a tax cut alone is 0.50, while 
the MPC out of a tax cut with the future tax 
increase is 0.24. Thus, the risk-sharing effect 
continues to be important with this alterna- 
tive specification of preferences. 


IV. Multiperiod Simulations 


In this section, we investigate how our 
results are affected by extending the number 
of periods in the model.” In particular, we 
explore how the MPC out of a tax cut is 
affected by the horizon over which the debt 
is to be repaid. The model includes five 
periods and there is no discounting of any 
sort. Each period here represents a genera- 
tion. Income is independently and identi- 
cally distributed in each generation. Because 
family characteristics have little value in pre- 
dicting earnings, it seems a reasonable ap- 
proximation to assume that the uncertainty 
about the fate of one’s grandchildren is not 
greater than the uncertainty about one’s 
children. 

In a world of the type Barro describes, the 
MPC out of tax cut equals zero regardless of 
the timing of the corresponding tax increase. 
In a certainty or certainty equivalent model 
with no future taxes, the MPC equals 0.2. 
Thus, 0.2 is the benchmark “Keynesian” 
estimate.” Table 3 presents the MPCs im- 
plied. by a utility function with constant 
relative risk aversion of three and no dis- 


22 Thus, the utility function is —exp(— aC), and a 
is 3/100. 

231t is not the case that increasing the number of 
time periods diversifies away identical and indepen- 
dently distributed income. Numerical examples in Zeldes 
demonstrate that, for a‘given income process and initial 
wealth, precautionary saving does not decrease when 
the number of periods increases. This result is closely 
related to Paul Samuelson’s (1963) discussion of re- 
peated gambles. 

24 The low value of the Keynesian benchmark is in 
part due to the absence of any discounting in our 
example. 
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TABLE 3—THE MARGINAL PROPENSITY TO CONSUME: 
ALTERNATIVE DEBT REPAYMENT HORIZONS’ 











Taxes Repaid 

In Period: x=1/2 x=3/4 x=1 
2 0.03 0.10 0.35 
3 0.04 0.15 0.39 
4 0.07 . 0.20 0.41 
5 0.14 0.25 0.42 
Never 0.22 0.27 0.42 





Note: This table shows the MPC out of a first-period 
tax cut, varying the period during which the future tax 
increase occurs. 


5 -A 
Assumptions: U(C,, C, C3, Cy, ©) = > PEPE 
1 
A=}. 
R=1.0; Y, =100;~ 
Y¥,=(1—x)100 with prob.1/8 i=2,3,4,5 
100 with prob. 3/4 


(1+ x)100 with prob. 1/8 


counting of any sort. The MPC for the case 
in which there is no future tax increase can 
exceed 0.2 by large amounts. Again, this 
effect is the “excess sensitivity” of consump- 
tion to current income. 

The results that include the future tax 
liability are dramatic. We find that the re- 
payment horizon is critical to the effect of 
the tax cut on consumption. The farther in 
the future is the tax increase, the higher is 
the MPC out of the current tax cut. Risk 
sharing in a later period has greater effect on 
consumption than risk sharing in an early 
period. This result is due to the fact that a 
tax increase in a later period implies an 
earlier resolution of uncertainty. Indeed, if 
the taxes are. not raised until period 5, the 
MPCs are almost as large as if the taxes are 
not raised at all. Consumers have MPCs 
that are very close to being Keynesian, even 
though they fully incorporate all future tax 
liabilities in their plans. Indeed, the MPCs 
we find sometimes exceed the Keynesian 
benchmark of 0.2.75 


25 We also tried an intervention in which the govern- 
ment announces a tax cut in period 1 to go into effect in 
period 2, coupled with a tax increase in period 5. The 
MPCs were 0.03 for x =1, 0.13 for x = 3/4, and 0.10 
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The results in Table 3 assume that income 
is independently distributed in each period. 
More realistically, income might be modeled 
as containing both permanent and transitory 
components. In this case, the uncertainty 
regarding income in later periods is greater 
than the uncertainty regarding income in 
earlier periods. The length of the repayment 
horizon would be even more important in 
this case. The results in Table 3 might thus 
understate the importance of the repayment 
horizon. 


V. Conclusion 


In this paper we examine the interaction 
between individual income uncertainty and 
income taxation in the face of a debt-financed 
tax cut. Under plausible assumptions regard- 
ing preferences toward risk, the marginal 
propensity to consume out of a tax cut, 
coupled with a future income tax increase, is 
positive because of an increase in risk shar- 
ing. An examination of the degree of income 
uncertainty suggests that this uncertainty is 
substantial, indicating that the risk-sharing 
effect may be important. Numerical simula- 
tions show that this effect is potentially large. 
Indeed, the MPC out of a tax cut, coupled 

with a future income tax increase, appears 
` closer to the Keynesian value that ignores 
the future taxes than to the Ricardian value 
that treats the future taxes as if they were 
lump sum. 

The final question to address is whether 
the risk-sharing effect provides an intuitively 
appealing reason to believe that tax cuts 
stimulate consumer spending. To hone one’s 
intuition, it is useful to envision two policy 
interventions. In both, the government gives 
a tax cut of $2000 now to every living indi- 
vidual and will raise the $2000 and accu- 
mulated interest by a tax on the next genera- 
tion in thirty years. 

In the first intervention, which probably 
corresponds best to what we experience, the 


for x =1/2. For a tax cut effective in periods 1 and 2, 
coupled with a tax increase in periods 4 and 5, the 
MPCs are 0.46 for x =1, 0.32 for x = 3/4, and 0.16 for 
x =1/2, 
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future tax increase takes the form of a 
marginal change in income tax rates. This 
change will raise the necessary revenue in 
total, but not necessarily the same from each 
individual’s child. 

In the second intervention, the govern- 
ment levies a lump sum tax. That is, from 
each child, the government will collect the 
$2000 and accumulated interest, regardless 
of how impoverished the child happens to be 
and regardless of how dire the consequences. 
While it is difficult to envision such a tax 
increase, it seems clear that this prospect, if 
credible, would cause more concern among 
parents than a mere change in income tax 
rates. In particular, a prospective lump sum 
tax would plausibly seem to call forth 
greater saving to meet the future liability. 
While Ricardian equivalence may be the ap- 
propriate benchmark for a world in which 
taxes are lump sum, it is probably not the 
appropriate benchmark for the world in 
which we live. 


APPENDIX: SIMULATION METHOD 


For the two-period examples, equation (7) 
gives the analytical expression for the MPC 
out of a tax cut in period one.”° The right- 
hand side of equation (7), however, must be 
evaluated at the optimal choice of consump- 
tion, which in general cannot be calculated 
analytically. We therefore use numerical 
methods to calculate the optimal level of 
consumption and then use this value in 
equation (7) to arrive at the MPCs. 

In the multiperiod examples, we do not 
use an analytic expression to compute the 
MPCs. We use numerical methods to calcu- 
late the optimal level of consumption in each 
example both before and after the tax cut. 
The MPC out of the tax cut is the difference 
in consumption divided by the size of the tax 
cut. ; 

The technique used to calculate the opti- 
mal consumption levels is stochastic dynam- 


26 For most of the simulations, the tax increase is not 
proportional to second-period income. In these cases, 
an expression analogous to (7) is derived. 
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ic programming.’ First, the problem is for- 
mulated as a stochastic control problem with 
one state variable (current wealth), one con- 
trol variable (consumption), and one dis- 
turbance (income). 

The state space is made discrete using a 
technique suggested by Dimitri Bertsekas 
(1976). The first step is to determine the 
upper and lower bounds for wealth (W). If 
there is a positive floor on income in future 
periods, we can, without loss of generality, 
redefine income as the amount in excess of 
the floor and redefine wealth to include the 
present value of all future income floors. In 
this new problem, there is positive probabil- 
ity of receiving an income of zero in each 
period. Since we use utility functions for 
which U'(0) = infinity, we know that individ- 
uals will always carry positive “wealth,” that 
is, they will never borrow against risky labor 
income. For this new problem, then, W must 
always be greater than zero, so we choose 

min 3 

We next need to determine an upper bound 
for wealth, that is, a W,,,, that wealth never 
exceeds at any point during life. One choice 
would be the wealth that would be accu- 
mulated if income turned out to be its maxi- 
mum in each period and consumption 
equalled zero in each period. 

Next, we divide the range (Wins Wna) 
into G equal intervals.: For our two-period 
examples, we use G =1000. In other words, 
the state variable W can take on any of the 
1000 discrete values between W,,,, and W,,,,. 
For the last period of life, optimal consump- 
tion is equal to wealth, and the value func- 
tion is equal to the utility function. In all 
prior periods, the computer searches, for each 
level of the state variable, for the choice of 
consumption that maximizes the sum of cur- 
rent utility and the discounted expected value 
of next period’s value function.”® 


7 Zeldes describes this technique in more detail, and 
uses the technique to investigate some of the properties 
of optimal consumption in the presence of nontraded 
labor income. 

28 While there are simpler methods for calculating the 
two-period results (such as numerically approximating 
the solution to the single Euler equation), the advantage 
of this method is that the same technique can be used 
regardless of the number of the periods in the model. 
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While the numbers are an approximation 
to the actual solution, we can make the 
approximation errors arbitrarily small by 
narrowing the width of the grid used for the 
discretization (see Bertsekas). We tested our 
grid against some simple examples that can 
be solved analytically. The results were very 
close. We believe that our calculated MPCs 
are accurate to +0.03. 

The examples used here took little com- 
puter time to run. Yet as the number of time 
periods increases, W,,,, must also increase, 
implying that the required memory and CPU 
time increases dramatically. 
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In Defense of Base Drift 


By CARL E. WALSH* 


By using the actual money supply as the base for its target ranges, the Federal 
Reserve impounds past target misses into the level of its new target ranges. This 
practice of allowing “base drift” has often been criticized. A simple aggregate 
model is used to derive the optimal degree of base drift. It is shown that some drift 
will be optimal if income and/or velocity are nonstationary. 


Each February, target growth rates for 
various monetary aggregates are announced 
by the Federal Reserve’s Open Market Com- 
mittee (FOMC). These growth rates, which 
apply from the fourth quarter of the previ- 
ous year to the fourth quarter of the current 
year, have been publicly announced since 
the passage of House Concurrent Resolution 
133 in 1975.1 It has been the practice of the 
FOMC to use the fourth-quarter values of 
each aggregate as the base from which the 
following year’s growth path is calculated. 
This procedure results in what is known as 
base drift: if the actual value of an aggregate 
in the fourth quarter differs from that year’s 
target, this deviation is made permanent by 
being impounded in the level of the aggre- 
gate along the following year’s growth path. 
The FOMC could, of course, compensate for 
any such base drift by adjusting the target 
growth rate downward if drift had been 
positive and upward if it had been negative. 


*Federal Reserve Bank of San Francisco, Economic 
Research, 101 Market St., San Francisco, CA 94105, 
and National Bureau of Economic Research. This paper 
was written while I was at Princeton University. I would 
like to thank, without implicating, Alan Blinder, Peter 
Hartley, Mike Hutchison, Jan Loeys, and Jim Wilcox 
for helpful comments. This paper has benefited greatly 
from the comments and suggestions of an anonymous 
referee and John Taylor. Any opinions expressed are 
my own and do not necessarily reflect the views of the 
Federal Reserve Bank of San Francisco or the Federal 
Reserve System. 

1Preliminary target ranges for the following year are 
announced in July. In 1979, 1983, and 1985, the ranges 
announced in February were modified in July. For an 
interesting discussion of the setting of the target ranges 
in 1983 and 1984, see R. W. Hafer (1985). 
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The evidence, however, suggests that this has 
not been done.” 

Because the FOMC establishes target 
ranges rather than a single-target growth rate, 
one estimate of the amount of base drift 
allowed by the FOMC would be the dif- 
ference between the actual fourth-quarter 
value of an aggregate such as M1 and the 
fourth-quarter value implied by the mid- 
point of that year’s target growth range for 
M1. This measure of drift is given in Table 
1.3 As the table shows, the actual fourth- 
quarter level was above the midpoint of the 
target range for seven of the ten years from 
1976 to 1985, and for every year during the 
period 1976-83 except 1981. These above- 
target levels then formed the bases from 
which the subsequent target ranges were 
calculated, leading to a permanently higher 
level of M1 and, over the period as a whole, 
a higher growth rate as well. The opposite 
occurred in 1984 with M1 below the mid- 
point of the target range in the fourth quarter 
of that year. This low M1 was then used as a 
base for the 1985 growth path. In July of 
1985, with M1 running well above the target 
ranges established in February, the FOMC 


2For example, the correlation between base drift in 
year £ (see Table 1 below) and the midpoint of the 
growth rate range established for year £ +1 is positive. 
Thus, above-average base drift has tended to be fol- 
lowed not by lower target ranges, but by above-average 
target growth ranges. 

3The numbers in Table 1 differ from those in chart 
1-4 in the Economic Report of the President, (1985, p. 
53) because the Council’s chart reflects estimated ad- 
justments to M1 due to financial deregulation. These 
shift adjustments are discussed in Section II. 
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TABLE 1— ESTIMATED BASE DRIFT OF M1? 











(Billions of Dollars) 
Midpoint of Actual 
Target Range for Fourth- 
Fourth Quarter Quarter Value Base Drift 
a) (2) (2)-Q) 

1976 306.8 305.6 -12 
1977 322.4 329.5 7A 
1978 346.8 353.9 71 
1979 367.0° 371.2 42 
1980 408.2 416.8 8.6 
1981 447.0 438.2 —8.8 
1982 455.7 476.6 20.9 
1983 507.6? 526.1 18.5 
1984 557.7 553.5 -4.2 
1985 598.6? 620.3 21.7 





Source: Annual Report of the Board of Governors of the 
Federal Reserve System, various issues. 

aMidpoints of target ranges are calculated using the 
fourth quarter to fourth-quarter target growth ranges 
except where noted. Figures refer to M1-A prior to 
1980. 

PReflects change in target growth range in July. 


announced new growth targets using the ac- 
tual, above target, second-quarter value of 
M1 as the new base (Paul Volcker, 1985). 
The practice of automatically allowing 
base drift to occur has long been attacked by 
monetarists.* They have frequently criticized 
base drift as a major impediment to any 
consistent policy of price stabilization in the 
longer run, and general economic stability in 
the shorter run. By letting “bygones be 
bygones,” base drift, it is argued, essentially 
ratifies short-run deviations from target and 
hinders the achievement of stable money 


‘William Poole (1976) was one of the earliest to 
criticize automatic base drift. A more recent call for an 
end to base drift is found in the report of the Shadow 
Open Market Committee (1985). An extended criticism 
of base drift can be found in Alfred Broaddus and 
Marvin Goodfriend (1984). Milton Friedman (1985) has 
likened the Fed’s practice to that of a marksman who 
always hits the bull’s-eye by painting the target after 
taking his shot. See also Friedman (1982, p. 109; 1984, 
p. 37) and Bennett McCallum (1984, p. 123). 

5Stephen Axilrod, Staff Director for Monetary and 
Financial Policy of the Board of Governors of the 
Federal Reserve System, has defended base drift by 
claiming “It is where you start that is important” (1982, 
p. 141). 
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growth and prices over longer periods. The 
1985 Economic Report of the President 
brought renewed attention to these criti- 
cisms.° The Report proposed that the Federal 
Reserve base its current year’s target ranges 
on the midpoint of the previous year’s target 
range for the fourth quarter. This alternative 
procedure, first suggested by William Poole 
(1976), would result in the complete elimina- 
tion of base drift. 

The purpose of the present paper is to 
examine the factors which determine optimal 
base drift. It will be shown that base drift is 
not necessarily inconsistent with a policy 
committed to price stability. In fact, such a 
policy objective is likely to require at least 
some degree of base drift. Only in special 
cases will either zero base drift, as advocated 
by the Council of Economic Advisers, or full 
base drift, as practiced by the FOMC, be 
consistent with price stability. The reason 
for this is that permanent shifts in the quan- 
tity of money demanded, due either to veloc- 
ity shocks or income disturbances, require 
the real quantity of money to adjust to the 
new level of real money demand. If the 
nominal quantity of money is not adjusted, 
the price level must respond to equilibrate 
money demand and supply. Since U.S. data 
suggest that both real income and velocity 
are subject to permanent shocks,’ price level 
stability requires that the nominal stock of 
money not be held to a fixed path. Devi- 
ations of money from target are noisy signals 
of these permanent shocks, and such devi- 
ations should be partially accommodated by 
adjusting the target path. 

In Section I, a simple macro model is used 
to illustrate the factors which influence opti- 
mal drift. The final section summarizes the 
paper’s basic points and uses the model’s 


®See, for example, the New York Times, March 4, 
1985. For recent attacks on base drift in the popular 
press, see Poole (1985) and Friedman (1985). 

7See Charles Nelson and Charles Plosser (1982) who 
show, using annual data, that real GNP and velocity are 
subject to permanent shocks. Velocity is also found to 
be a random walk by J. P. Gould et al. (1978). J. C. Kim 
(1985) finds using annual data that velocity in the U.K. 
is also a random walk. 
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results to critique the FOMC’s current policy 
of complete base drift. 


I. Optimal Base Drift 


Let Y, U,, P» and m, denote the natural 
logs. of real output, velocity, the price level, 
and the nominal money stock, respectively. 
The evolution of income, velocity, and the 
price level is assumed to be given by equa- 
tions (1)~(4): f 


(1) Y= H+ eC P,- 1P) 
+B Pit) t £n 

(2) (1-B)y,=u,, 

(3) y=m,— p+, 

(4) (1- B)v,= 6,4 p Yni 


where B is the lag operator, „p, is the 
minimum variance, linear forecast of p, 
formed at time s, and £, u, ọ, and wp are 
mean zero, identically and independently 
distributed disturbance terms. For simplic- 
ity, the disturbances are assumed to be inde- 
pendently distributed. The information set 
upon which expectations formed at time t 
are based consists of all current and lagged 
values of y, p, v, and m. 

Equation (1) is an aggregate supply func- 
tion in which output is a positive function of 
price expectational errors. Stanley Fischer 
(1977) shows how such an aggregate supply 
equation would arise in the presence of mul- 
tiperiod (in this case two periods) overlap- 
ping contracts. This formulation insures that 
the monetary authority’s choice of a target 
for the nominal money supply will have real 
effects even when announced at the start of 
each period, as long as the target depends in 
part on information unavailable one period 
earlier. Equation (1) also assumes that in- 
come can be written as the sum of a perma- 
nent component, y,, and a transitory compo- 
nent, a( p, — ,-1Pr)+ BCP, — 1-2 P,) t Er The 
evolution of the permanent component is 
governed by equation (2) which specifies that 
y is a random walk. Together, equations (1) 
and (2) reflect the evidence presented by 
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Charles Nelson and Charles Plosser (1982) 
that real output is a difference stationary 
process. The disturbance term u, equals the 
innovation in the permanent component of 
output. From (1), it is clear that individuals 
(and the monetary authority) can observe 
the sum J, + e,, but not e, and u, separately.® 

The aggregate demand side of the model is 
represented in (3) by a simple quantity the- 
ory equation. Since J. P. Gould et al. (1978), 
Nelson and Plosser, and J. C. Kim (1985) all 
present evidence that suggests velocity is, 
like real income, a difference stationary pro- 
cess, equation (4) assumes that v, is the sum 
of a permanent component (v,) with innova- 
tion ġ, and a transitory component with 
innovation wy, As with the income dis- 
turbances, neither ¢, nor y, is individually 
observable, although v, + Ņ, = v, is. 

The monetary authority is assumed to set 
a target for the nominal money supply at the 
start of each period. The target will be de- 
noted y,. Since y, is announced at the begin- 
ning of the period, it is contained in all 
information sets dated t—1 or later. Be- 
tween the dates at which the targets are 
announced, the policy rule used to determine 
the nominal supply of money is taken to be 
of the form 


(5) m,=%+ YY, 1] + E 


where €, is a white-noise control error. At 
the start of the period, equation (5) implies 
that the expected value of the money supply 
is y, If income diverges from the monetary 
authority’s forecast, m, is adjusted accord- 
ing to the parameter y.” In this framework 
then, deviations from target are due to a 


®The business cycle implications of an inability to 
distinguish between permanent and transitory shocks 
are explored in Karl Brunner et al. (1980). 

°lf aggregate demand were assumed to depend on 
the real rate of interest, and money demand on the 
nominal rate, the nominal rate could be introduced into 
equation (5) to yield what might be a more familiar 
looking money supply, or policy reaction, function. 
Unanticipated velocity movements could be made an 
argument in the policy reaction function without affect- 
ing any of the paper’s basic results. For simplicity, 
equation (5) is used. 
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pure control error and the current realiza- 
tions of the random shocks which affect in- 
come. The policy rule reflects the assumption 
that agents are able to contemporaneously 
observe income. A policy rule similar to (5) 
could also arise as a result of automatic 
adjustments to bank borrowing from the dis- 
count window, even if the monetary author- 
ity could not observe the contemporaneous 
value of income. 

At the start of period ¢, the targeted value 
for the nominal money supply is y,. The 
actual realized value is m,. A policy of zero 
base drift would use y, as the base for the 
target path in period ¢ +1, while a policy of 
complete base drift would use m, as the base 
from which the targeted value for ¢+1 is 
calculated. Thus, if the target growth rate is 
assumed, for simplicity, to be zero, we can 
write y,,;=46m,+(1—8)y,+,, OF Yi Y: 
= 8(m,— Y,)+ x, where 6 is an index of the 
degree of base drift, and x, represents any 
additional adjustment to the target that is 
independent of the past deviation m,- yY, 
An absence of drift corresponds to 6 =0, 
and complete drift corresponds to 6 =1. 

The parameter y of the policy rule (5) and 
the time path of y, are assumed to be chosen 
to minimize the loss function 


(6) L(y, Y) = [02 + 902], 


where o, = E[y,—J,]*, and of = E[p,— 


p*]?. Thus, the monetary authority attempts 
to minimize transitory income fluctuations 
around the unobserved permanent compo- 


nent of income, and to minimize price level 


fluctuations around a target price level p*.1° 


The parameter p captures the weight placed 
by the monetary authority on price stability 
relative to output stability. 


10Since any constant, anticipated rate of inflation has 
no real effects in this model, the target path for the 
price level could incorporate a constant rate of change. 
While most of the criticisms of base drift have em- 
phasized price stability as a policy goal, the basic con- 
clusions of this section would continue to hold if the 
policymaker’s objective function included inflation sta- 
bility. For an argument that the monetary authority 
should keep the price level, not the rate of inflation, on 
target, see Robert Hall (1984). 
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In order to evaluate the monetary author- 
ity’s loss function, the model is first solved 
for the rational expectations equilibrium 
price function for arbitrary values of the 
parameters in the policy rule. The optimal 
values of the policy parameters y, and y are 
then derived by minimizing the loss func- 
tion. 

Using (1) and (5) to eliminate y, and m, 
from (3), and noting that (1) implies ,_,y, 
= 1-19, + BCe-1P,— 1-2P:) Yields an expres- 
sion for the equilibrium price level: 


(7) p,=[1+(a@+B)G-y)]" 
X[y 1- Y; + 8) — Ha 
+(5,+y,)+ (a(-y) 
— By) -Pi + BaP. + £l- 


Equation (7) can be solved, using the 
method of undetermined coefficients, to yield 
the rational expectations equilibrium price 
function: , 


(8) p=k[0, -10+ 4,4 §,] 
-(1-y)k[ J} -t e] 
+ [1/0 + BY) L,-15- 1+ y] 
+[B/A+B)] [p20 - 1-2 team), 
where k=[1+(a+f)—y)]~*. It will be 


assumed that k >0. From (1) and (8), the 
equilibrium level of output is given by 


(9) y=I+(at B)K[O,—, 10, + Y+ &) 
—(a@+B)O-y)L%- 11+ é,| 


+e, + [8/(1+ B)] [(,-18) — 1-2) 


g (a) = star) + (Y K 2%) : 


From the monetary authority’s loss func- 
tion, (6), and an inspection of the terms in 
(8) and (9) involving y, or expectations of y,, 
it is clear that the optimal choice for the 
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target value of the nominal money stock is 


(10) 


The target level of m, should be adjusted to 
reflect current estimates of permanent real 
output and permanent velocity. 

It will be useful to postpone temporarily 
the consideration of the optimal choice of y 
and just assume, as seems to be the actual 
case in the United States, that the monetary 
authority allows the money supply to vary 
procyclically; that is, y>0. To derive the 
optimal degree of base drift for arbitrary y, 
note first that from (10), 


(11) Yay 


Yı = p1) mee 4 p*. 


PAS =] 


og PONS Ger 
J. F. Muth (1960) shows that for the 
assumed stochastic processes generating y 
and v, 


oo * 
(12b) 1-14; = À, 2 (1 ji Ap) viii 
where 
A, = [1+ 02/402] (0,7/0) ~ (02/202), 


A, = [1+ 08/402] " (0,/0,)- (08/208), 


and ø? denotes the variance of x. Both À 
and À, are positive and increasing in the 
ratio of the variance of the permanent 
innovation to the variance of the transitory 
innovation to y+e and v, respectively. 
Seas (12a) and (12b) imply that , Yisa 


Sai) = A (Jte 1—1) and 0,41 — 1-10, 
=À (V, 7,- ” 5). Using these results, (11) 
becomes 


(11’) Yi YF A (5 te, 259) 


—A,(v 


t ads 
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Equation (11’) is the fundamental relation- 
ship governing the appropriate adjustment 
in the target base. In order to determine the 
optimal degree of base drift, it is necessary 
to relate this adjustment in the target to the 
deviation of the money supply from target in 
period ż. Equation (5) and (11’) can be used 
to write 


(13) Y1 N= ( 


g (A, + A, (a+ B))(8,+ Y, 1-101) 


A,/yk)(m, ~ Y) 


—(A,/y)A+a+ B)é,. 


Equation (13) gives the optimal base 
adjustment as a function of the deviation 
from target during the period just ending, 
m,— Yn the velocity surprise in period ¢, and 
the monetary control error. To interpret this 
equation, it is helpful to start with a special 
case. Suppose velocity is constant and there 
are no control errors. In this case, (13) 
becomes 


(14) Yri = (A, /yk)(m,—%); 


so that the optimal degree of base drift is 
ô = A ,/ Yk > 0. The index ô depends on both 
the structural parameters of the model (a 
and ĝ appear in k), the monetary authori- 
ty’s behavior between target announcements 
(via y), and, through A,, the relative vari- 
ances of the permanent and transitory shocks 
to real output. 

In standard aggregate models, it is com- 
mon to assume that output follows a sta- 
tionary process. In the present model, this 
would amount to assuming o” = 0. This, in 
turn, implies that A, = 0. Thus, if income is 
not subject to any permanent shocks, opti- 
mal base drift is zero.’! As mentioned previ- 
ously, however, recent work by Nelson and 
Plosser suggests that output is difference sta- 
tionary. In fact, they estimate the ratio of the 


Uf y=(1+ a+ 8)/(a+ B), then &=0 even if A 
> 0. Since a+ £ is usually estimated to be fairly small, 
this would require a large value for y. Economically, 
this special case seems of little interest. 
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variance of permanent shocks to income to 
the variance of transitory shocks to be quite 
large. In order to keep the average price level 
constant, the monetary authority must let 
the nominal stock of money vary with move- 
ments in the real demand for money arising 
from permanent shocks to real income. If 
the actual money stock differs from its 
targeted level, the deviation is likely to be 
partially due to such a permanent shock, 
calling for an adjustment in the target for 
the nominal money supply. If base drift is 
never allowed, the price level must adjust to 
insure that the real quantity of money equals 
the real demand for money. 

As (14) shows, 5 is increasing in À, and 
decreasing in y. With a larger À, , more of 
any income surprise is treated as due to a 
permanent shock, calling for more drift. A 
larger y implies that m responds more within 
the period to output shocks; consequently, a 
smaller adjustment in the base is required. 

Equation (14) holds only in the absence of 
control errors and with a constant velocity. 
When these conditions do not hold, equation 
(13) can be written 


5) Yai % = sfm, — y) 
ae A, (3, t Y, —10) 


where the optimal degree of base drift, 5, is 
exactly the same as in (14), but drift is now 
defined relative to a measure of “shift-ad- 
justed” money: 


(16) mj =m,~€,— yk(a+B) 


x (5, + Y, —-10, t ¿,). 
According to equation (16), two types of 
adjustments need to be made to the realized 
money stock before determining optimal 
drift. The first is a one-for-one adjustment 
for any control errors. This shows clearly 
that in calculating base drift, bygones are 
not bygones: control errors should be fully 
offset. The second adjustment, given by the 
last term in (16), arises because of the in- 
duced response of the money supply to un- 
anticipated income movements through the 
policy rule (5). Velocity shocks and control 
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errors affect the excess supply of money and 
thereby affect income. This, through the 
policy reaction function, has an automatic 
impact on m,. As (16) shows, m, should be 
adjusted to offset changes arising from this 
source before drift is determined. Because of 
the induced impact via income, the total 
adjustment for control errors is more than 
one-for-one. 

In addition to shift adjusting the realized 
money supply, equation (15) indicates that 
velocity shocks require a base change even if 
shift-adjusted m, equals the target y, The 
last term in (15) is equal to the fraction of 
any velocity shock that is expected to be 
permanent. The target for the money supply 
should be fully adjusted to reflect estimated 
permanent shifts in velocity. If all velocity 
shocks are transitory (A,,= 0), this term is 
zero. Transitory velocity shocks still have an 
effect on target levels, though, through the 
shift adjustment in equation (16). At the 
other extreme, if velocity is a random walk 
(A, =1), the monetary authority should fully 
offset changes in velocity, plus shift-adjust 
the realized money supply for velocity 
shocks. 

So far, the results have all been predicated 
on an arbitrary value for y. However, the 
monetary authority’s choice of y affects the 
short-run tradeoff between output stabiliza- 
tion and price stabilization and, hence, the 
value of the monetary authority’s loss func- 
tion given in (6). An optimal setting for y 
can be found by minimizing [o7 + pa, 2) with 
respect to y. As long as the target “money 
supply is chosen according to (11), hae i 
(8) and (9) imply p,— p* =z, and y,— y,= 
(a+ B)z, +e, where z = k[ū, — 10, + y+ 
€]-(— y)kLy, SAI +e). Hence, the loss 
function is independent of the base parame- 
ter y, Setting the partial derivative of the 
loss function with respect to y equal to zero 
and solving for the optimal policy response 
y*, one finds that 


(17) y*=1-(a+8) 
x [2(02 +o; + og) + 02| /[20} + poè}, 


where Q=(a+ß) +p, 
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= [o2 + Xoga- 
oy R E[}, = m 
= [o2 +A,02]/%2,(2-2,)] 


are the variances of the prediction errors of 
permanent velocity and income. It is useful 
‘to recall that the covariances among all the 
underlying shocks have been assumed to 
equal zero. 

If the aggregate demand disturbances 
(velocity shocks and monetary control er- 
rors) are large relative to supply shocks, in- 
come and prices will tend to move together, 
and the optimal y is likely to be negative as 
the monetary authority works to offset de- 
mand shocks. In this case, the formula for 6 
shows that drift should be negative. If a 
supply shock causes a rise in income, m, will 
undershoot its target, and the appropriate 
response by the monetary authority is to 
increase its target for the money supply. On 
the other hand, y* increases with the vari- 
ance of permanent supply innovations as 
positive shocks to output require an increase 
in aggregate demand to prevent the price 
level from changing. The impact of of, the 
variance of transitory supply shocks, on y* 
is ambiguous and depends on the weight the 
monetary authority places on price stabiliza- 
tion. If p is large, y* will increase with 07. 

Using equation (17), it is possible to de- 
rive the appropriate degree of base drift 
when y is optimally chosen. Calling this 6*, 
some simple algebra yields 


(18) 8*=),Q[02 +02 
+(a+B)(o7 + of + ?)| 
/|807 +(p —a—B)o2 
—(a+ B)Q(o7 +0? + o2)}. 


In general, 6* depends on the error vari- 
ances, the structural parameters, and the 
monetary authority’s preferences for price 
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versus output stability as measured by p. A 
sufficient condition for 6*=0 continues to 
be A,=0 (ie. no permanent shocks to 
supply). A sufficient condition for 6* =1 is 
A, =1 (no transitory supply shocks) and no 
velocity disturbances or control errors. Also, 
even though 6=0 when A,=0, this only 
implies that the target for ¿+1 should not 
depend on deviations of m, from target; it 
does not imply the target base should remain 
constant. This latter condition, as (11) 
shows, requires that both A, and A, equal 
zero. While the expression for 6 is a com- 
plicated function of all the parameters of the 
model, it is important to recall that the 
fundamental equation determining the opti- 
mal base change is (11’) which-depends only 
on A, and A,,. Because income movements 
affect the contemporaneous deviation of 
money from target, while the policy rule 
affects income movements, much more in- 
formation is needed, as (18) shows, if the 
base change is to be related to the target 
deviation. 


II. Interpretation 


The results of Section I were derived within 
the context of a simplified aggregate model, 
but the basic conclusions suggested by the 
model will hold more generally. To the ex- 
tent that deviations of the nominal money 
stock from its target path reflect permanent 
shocks to the economy, a policy of price 
stability requires some degree of base drift. 
While zero drift will not be optimal, neither 
will complete base drift generally be con- 
sistent with a policy of price stability. It is 
interesting, though, to consider how the ac- 
tual practice of the FOMC compares to the 
implications derived for optimal drift. 

Equations (15) and (16) show that the 
appropriate adjustment in the target for the 
nominal money supply at the start of each 
period depends very much on the reason 
there may have been a divergence between 
actual money and targeted money. In the 
present model, supply shocks, velocity shifts, 
and control errors can all cause m, to differ 
from y,, and each type of disturbance calls 
for a different adjustment in the target base. 
For example, if the deviation is due to a 
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velocity shock, two adjustments should be 
made. First, there should be an offsetting 
movement in the base equal to the fraction 
of the velocity shock estimated to be perma- 
nent. This, in fact, is done indirectly by the 
FOMC. The Fed has in several years focused 
on M1 adjusted for velocity shifts due to 
financial deregulation. Such shifts occurred, 
for example, with the introduction of auto- 
matic transfer from savings (ATS) accounts 
in 1979 and the national authorization of 
negotiable order of withdrawal (NOW) ac- 
counts in 1981.1? Since the FOMC has prac- 
ticed complete base drift with respect to 
deviations of this adjusted M1 from target, 
it has essentially made what equation (16) 
shows to be the appropriate base change 
(i.e., full adjustment for estimated perma- 
nent shifts in velocity) if it has correctly 
estimated the permanent velocity shifts. For 
example, for 1981, Table 1 shows that base 
drift was —$8.8 billion. Financial deregu- 
lation (the national authorization of NOW 
accounts) produced what the Fed estimated 
to be a permanent upward shift in velocity. 
Some negative drift was therefore appro- 
priate in setting the target path for 1982. 
These adjustments for permanent shifts in 
velocity should be made even if the nominal 
money supply were to equal its target value 
for the fourth quarter. 

Second, any velocity shock, whether per- 
manent or transitory, produces an effect on 
the nominal money supply through the 
monetary authority’s reaction function. This 
effect on the money supply must be offset if 
the price level in future periods is to be kept 
constant. 

If output for period ¢ is underestimated 
due to either a permanent (u,) or a transi- 
tory (e,) supply shock, m, will exceed its 
target y,. Because some fraction of this miss 
should be attributed to a positive realization 
of the permanent shock, an upward revision 
in the base is required for price and output 
stabilization.’ Some drift is optimal in this 


12 These adjustments are discussed in Barbara Ben- 
nett (1982) and Broaddus and Goodfriend. 

13This discussion assumes y > 0. If y<0, then a 
positive income disturbance will cause m, to fall below 
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case. However, only if all income shocks are 
permanent and there are no velocity shocks 
or control errors would complete base drift, 
as practiced by the Fed, be optimal. 

If the money supply target is missed be- 
cause of a control error, the realized money 
supply should be adjusted, in calculating the 
appropriate change in the base, in order to 
offset the impact of the control error. Under 
current Fed practice, a positive control error 
leaves the nominal money supply perma- 
nently higher.!4 For the model studied here, 
the optimal response calls for a shift adjust- 
ment that more than offsets the control 
error. 

In its critique of base drift, the Council of 
Economic Advisers attributed deviations of 
M1 from target, and hence the subsequent 
base drift, to the Fed’s attempts to smooth 
interest rates. As the analysis of optimal 
base drift shows, deviations from target due 
to any response of money to current shocks 
should not lead to a change in the base 
unless a permanent innovation to income or 
velocity is estimated to have occurred. The 
recent deemphasis of M1 by the FOMC may 
mean that future deviations of M1 will be 
more responsive to transitory disturbances 
and subject to larger control errors. This 
would suggest the optimal degree of base 
drift will decline. 

While the analysis suggests that a policy 
of zero base drift will not be optimal, it also 
suggests that the current Federal Reserve 
practice of complete base drift is also not 
generally optimal. This is particularly true 
with respect to monetary control errors which 
produce deviations of the money supply from 
its target. path. However, during periods of 
technological change in both the real and 
financial sectors, there is no a priori reason 
to argue that base drift is inconsistent with a 
policy objective of price stability. In fact, 





Y- With 6=A,/yk <0, this implies that y,,, should 
be increased. As (11’) shows, the appropriate change in 
the target is independent of the sign of y, even though 
the sign of ô is not. 

14 Poole calls base drift “the insidious practice of 
sweeping monetary control errors under the rug...” 
(1985, p. 4). 
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empirical evidence suggesting the presence 
of permanent real and financial shocks indi- 
cates that the complete elimination of base 
drift is likely to be incompatible with the 
achievement of price stability. 
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Prizes and Incentives in Elimination Tournaments 


By SHERWIN ROSEN* 


Contestants who succeed in attaining high ranks in elimination career ladders rest 
on their laurels in attempting to climb higher, unless top-ranking prizes are given 
a disproportionate weight in the purse. A large first-place prize gives survivors 
something to shoot for, independent of past performances and accomplishments. 


Several recent papers have clarified the 
problem of incentives when competitors are 
paid on the basis of rank or relative perfor- 
mance (Edward Lazear and myself, 1981; 
Jerry Green and Nancy Stokey; 1983; Barry 
Nalebuff and Joseph Stiglitz, 1984; Bengt 
Holmstrom, 1982; James Malcomson, 1984; 
Lorne Carmichael, 1983; Mary O’Keefe, 
W. Kip Viscusi, and Richard Zeckhauser, 
1984). The main focus so far has been to ex- 
amine the economic efficiency of these 
schemes. However, a much longer tradition 
in statistics views relative comparisons as 
an experimental design for ranking and se- 
lecting contestants. These two views are 
joined in this work. 

I investigate the incentive properties of 
prizes in sequential elimination events, where 
rewards are increasing in survival. The inher- 
ent logic of these experiments is to de- 
termine the best contestants and promote 
survival of the fittest; and to maintain the 
“quality of play’ as the game proceeds 
through its stages. Athletic tournaments im- 
mediately come to mind, but much broader 
interest in this class of problems arises from 
its potential application to career games, 
where the tournament analogy is supported 
(James Rosenbaum, 1984). Many organiza- 


*Department of Economics, University of Chicago, 
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cially indebted to Barry Nalebuff for many suggestions 
that greatly improved this work, to Edward Lazear, 
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advice on a number of points, and to Gary Becker, 
James Friedman, Sandy Grossman, and John Riley for 
comments on an initial draft. Robert Tamura was my 
research assistant. This project was supported by the 
National Science Foundation. 
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tions have a triangular structure (for exam- 
ple, Martin Beckmann, 1978) and most top 
level managers come up through the ranks 
(Kevin J. Murphy, 1984). A career trajectory 
is, in part, the outcome of competition among 
peers to attain higher ranking and more re- 
munerative positions over the life cycle. The 
structure of rewards influences the nature 
and quality of competition at each stage of 
the game. 

What needs to be explained is the marked 
concentration of rewards in the top ranks. 
For example, the top four ranks receive 50 
percent or more of the total purse in tennis 
tournaments. Concentration is less extreme 
in the executive labor market, but nonethe- 
less, earnings rise more than proportionate 
to rank in most firms. I show below that an 
elimination design requires an extra reward 
for the overall winner to maintain perfor- 
mance incentives throughout the game. 

The economics of this result derives from 
the survival aspects of the game. A competi- 
tor’s performance incentives at any stage are 
set by an option value. The loser’s prize is 
guaranteed at that stage, but winning gives ` 
the option to continue on to all successive 
rungs in the ladder. There are fewer steps 
remaining to be attained as the game pro- 
ceeds, and the option value plays out. It 
expires in the final match because advance- 
ment opportunities vanish. At that point, the 
difference in prize money between winning 
and losing must incorporate the equivalent 
of the survival option that maintained incen- 
tives at earlier stages. The extra weight of 
rewards at the top is due to the no-tomorrow 
aspects of the final stage of the game. It 
extends the horizon of players surviving to 
those stages, and makes the game appear of 
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infinite length to a contestant, as if there are 
always many steps left to attain, no matter 
how far one has climbed in the past. This 
result obviously bears a family resemblance 
to the role of a “pension” in a finitely re- 
peated principal and agent problem (Gary 
Becker and George Stigler, 1984; Lazear, 
1981). 

Section I describes the game, and Section 
II sets forth the nature of contestants’ 
strategies. Sections III and IV analyze the 
problem when the inherent talents of com- 
petitors are known, while Section V analyzes 
the case where talents are unknown. 


I. Design of the Game 


For analytical tractability and simplicity, 
the ideas are best revealed by a paired-com- 
parison structure, as in a tennis-ladder. The 
tournament begins with 2” players and pro- 
ceeds sequentially through N stages. Each 
stage is a set of pairwise matches. Winners 
survive to the next round, where another 
pairing is drawn, and losers are eliminated 
from subsequent play. Half are cut from 
further consideration at each stage. Thus, in 
a career game, those eligible for promotion 
to some rank have attained the rank im- 
mediately below it. Those who are passed 
over at any stage are out of the running for 
further promotions. The top prize W, is 
awarded to the winner of the final match, 
who has won N_ matches overall. The loser 
of the final match achieves second place 
overall and is awarded prize W, for having 
won N —1 matches. Losers of the semifinals 
are both awarded W,, etc. 

Define s as the number of stages remain- 
ing to be played. Then all players eliminated 
in a match where s stages remain are awarded 
prize W,,,. Define the interrank spread AW, 
= W,—W,,, as the marginal reward for ad- 
vancing one place in the final ranking. These 
increments determine incentives to advance 
through the stages. Prizes are increasing in 
survival: AW, > 0 for all s. 

I am concerned in this work with studying 
how prizes affect performance and selection, 
and with finding some characterizations of 
the relative reward structure required to 
maintain incentives as the game proceeds. 
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` This is a piece of a larger problem of the 


“optimal” prize structure, the study of which 
requires specifying how incentives affect the 
social value of the game. These complex 
matters are not well understood. So rath- 
er than tying results to an arbitrary input- 
output technology, a common feature of 
the larger problem obviously requires that 
players work at least as hard, if not harder, 
in the later stages of the game as in the early 
stages. We don’t want contestants to lay 
down near the end. For example, in a 
hierarchical organization, the decisions made 
at the top are more important than those 
made further down the pyramid (see my 
1982 paper): shirking and lack of talent have 
more serious consequences at the top of the 
organization than at the bottom. 
Rank-order schemes are encountered when 
individual output and input are difficult to 
measure on a cardinal scale, an inherent 
feature of managerial and many other types 
of talent; or when common background noise 
contaminates precise individual assessments 
of value-added. Competition is inherently 
head-to-head in most athletic games, and 
cardinality in any sense other than probabil- 
ity of winning has little meaning. Ordinality 
is inherent because the point scores used to 
calibrate performance contain many arbi- 
trary elements, as in a classroom test. Many 
of these same considerations apply to selec- 
tion of managerial talents though competi- 
tion is not strictly paired comparisons. 
Given the rules, these issues may be 
finessed for studying the connection between 
prizes, incentives, and selection by specifying 
how players’ actions affect the probability of 
winning. Let i index a player and let j index 
an opponent in some match. Consider a 
game in which there are m types of players. 
Index the ability type of the i player by J 
and the ability type of the opponent j player 
by J: Both I and J take on m possible 
values, 1,2,...,m, with m < 2”. Let x,, and 
x,; denote the intensity of effort expended 
by players i and j in a match when s stages 
remain to be played, and let y, and y, 
represent their abilities or natural talents for 
the game. Then P,(J, J) is the probability 
that a player of type J wins in a match 
against a player of type J (possibly the same 
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type) with 


Yh (xs) 
yh (x,;) ga h(x, ;) i 


where A(x} is increasing in. x and A(0) 2 0. 
A player increases the probability of winning 
the match by. exerting greater effort, given 
the talent and effort of the opponent and 
own talent. To simplify the problem, the.win 
technology is assumed identical at every stage 
(s enters only through the x’s). 

When both players exert the same level of 
effort, the win probability is P,(I,J)= 
Yr/(Yr + Yz), and its inverse is a bookmaker’s 
“morning line” or “true-to-form” actuarially 
fair payoffs per dollar bet on player-type J. 
Notice from (1) that common, multiplicative 
environmental factors do not affect P.(/, J). 
Let the common factor multiply yh(x) for 
both players. Then whether the commonality 
is match-, stage-, or tournament-specific, it 
factors out of the probability calculation and 
has no effect on either incentives or selec- 
tion. Equation (1) is a logit when h(x) is 
exponential. Alternatively, think of yh(x) as 
the arrival rate of a Poisson process. Then 
(1) can be given a racing game interpreta- 
tion, as in the recent literature on patent 

- races (Glenn Loury, 1979). 


(1) P(LJ)= 


H. Strategies 


A player’s decision of how much effort to 
expend in any match depends on weighing 
the benefit of greater effort (increasing the 
probability of surviving) against its costs. 
There are two complications. First, the value 
of advancing depends on how the player 
assesses future effort should eligibility be 
maintained. This forward-looking effect is 
analyzed by backward recursion. Second, 
current actions depend on the anticipated 
behavior of the current and all future possi- 
ble opponents. The sequential character of 
the game allows this to be analyzed by 
adopting Nash noncooperative strategies as 
the equilibrium concept. Discounting be- 
tween stages is ignored and risk neutrality is 
assumed. : 

Define V(I, J) as the value to a player of 
type J of playing a match against an oppo- 
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nent of type J when s possible stages re- 
main to be played. Assume, for now, that all 
players’ talents are common knowledge. Let 
c(x) be the cost of effort in any match, 
assumed identical for all players, c’(x) > 0, 
e’(x)2=0, and c(0)=0. The value of the 
match consists of two components: one is 
W,..,, the prize earned if the match is lost 
and the player is eliminated, an event which 
occurs with probability 1— P,(1, J). The 
other is the value of achieving a final rank 
superior to s+1 if the match is won. Let 
EV,_,(1) represent the expected value of 
eligibility in the next stage. This is a weighted 
average over J of V,_,(J,J), where the 
weights are the probabilities that the J player 
will confront an opponent of type J in the 
next stage. These probabilities depend on 
the activities of players in other matches and 
the rules for drawing opponents at each stage. 
The probability of continuation is P,(J, J), 
and costs c(x) are incurred for either out- 
come, so the fundamental equation for this 
problem is 


(2) V,(L, J) = max [PUL J) EV, (1) 
+(1- P,(1, J))W, +17 e(xs)]. 


The max in (2) is understood on Nash as- 
sumptions as conditioned on the given cur- 
rent and expected future efforts of all other 
players remaining alive at s and on the 
optimum actions taken by the player in 
question in subsequent matches. 

Substituting (1) into (2) and differentiating 
with respect to x,, yields the first-order con- 
dition 
(3) vrvsh hi / (yh; + Yh yY 

x [EV,_.(1)- Ws] ~ f= 0, 


where h,;=h(x,;), hj = dh(x,;)/dx,;, etc. 
The second-order condition is 


(4) D= ci|(47/h;)-2yrh; 
/( yh; + wh | -c <0. 


Note that (4) allows h” > 0 so long as it is 
bounded. There is also a global condition. 
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OPPONENT 
WEAK 
OPPONENT 
EQUALLY TALENTED 


OPPONENT STRONG 


FIGURE 1 


Equation (3) indicates that effort in any 
match is controlled by EV,_,(I)— W,+1. This 
difference between winning and losing must 
be positive for the player to have an interest 
in maintaining eligibility into the next stage. 
Otherwise, it is best to default and exert no 
effort. 

Equation (3) defines the best-response 
function for player i. Differentiating with 
respect to the current opponent’s effort, 


(hi,/h;) ct 
ms D(y,;h; + yyh;) 


x (yh; - 


(5) Ox; /OX;= 


Ysh;)- 


Player i’s best reply is increasing in x; when 
x; is small enough, but is decreasing when 
the opponent’s effort is sufficiently large. It 
has a turning point at yy;h(x;) = yyh(x;). 
The turning point occurs at x,=x, for 
equally talented players (y; = y,). It turns at 
some value x, > x, when i is playing a weaker 
opponent (Y; > y,) and it turns at some x; < 
x, when the opponent is the stronger player 
(Yr < yz). See Figure 1. Analysis i is confined 
to pure-strategy equilibria. 


lThe best reply may jump down to zero at some 
point because either (4) fails beyond that point or 
default (x; = 0) is a global optimum while (3) is local. 
Pure strategies characterize equilibrium when these 
jumps occur (if they do) at sufficiently large x;. This 
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III. Incentive Maintaining Prizes: 
Equally Talented Contestants 


The solution is transparent when all 
players are equally talented Se is only 
one type). Then EV,_,(7)=V,_,, because 
each player knows for sure fee an opponent 
of equal skill will be confronted at every 
stage. From Figure 1, the best-reply function 
is the same for all players and has a turning 
point at x; = x;. pias the equilibrium 
is symmetric: x, =x, for all i and j 
and P,=1/ 2 in AE EE Fach match is a 
close call in expected value. The common 
level of effort when s stages remain which 
satisfies (3) is 


(6) (Ke-17 We+1)(h' (xs) 


/h(x,))/4 = e'(x,). 


Define the elasticities 
(7) n(x) = xh’(x)/h(x), 
e(x) = xe’(x)/e(x), 
(x) = 9(x)/e(x). 
Then (6) becomes 
(8) (V1 — Wear) oC %,)/4 = (x5). 
Substituting (8) into (2) and using P, =1/2, 


(9) ¥,=(1/2)(1— w(x,)/2) 


X (V1 — Wear) t Wear 


=BV,1+(1-B) Wears 


requires certain bounds on the curvature of the A(x) 
and c(x) functions and some limits on the degree of 
heterogeneity (the y’s) among players (for example, a 
very weak player might just lay down against a very 
strong one). The rules of the game determine ¢(x) and 
h(x) (see O’Keeffe et al.). Rules and initial screening of 
entrants must be suitably constrained to guarantee 
pure-strategy equilibria. Nalebuff and Stiglitz analyze 
random strategies in one-shot games. Stephen Bronars 
(1985) shows that a weak player might employ a riskier 
strategy against a stronger opponent, but (1) is not 
suitably parameterized to consider this. 
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where 
(10) B, = (1/2)(1— n(x,)/2). 


The recursion (9) holds if (3) is a global 
maximum, and no player has incentives to 
default from x, defined by (6). This requires, 
from (9), that V,- W,41 =B; -1 7 Ws) 
>0. Otherwise taking the sure loss is a 
better choice. Therefore 8, > 0, or, from (10) 
and (7), n(x,)/2e(x,) <1, or p(x) <2. 
There is no pure-strategy equilibrium in this 
game if any player has an incentive to de- 
fault. 

The sense of the no-default condition 
n(x)/e(x) <2 is related to the problem of 
an arms race. If the elasticity of response of 
effort is large relative to the elasticity of its 
cost, then players’ efforts to win results in a 
negative sum game in pure strategies. It is 
not optimal to default if the opponent does, 
but at the local equilibrium the costs of 
contesting have been escalated so much that 
both want to default. In fact, (9) implies that 
for given prizes, players are better off when 
there is less scope for actions to affect out- 
comes: V, is decreasing in u(x), so the rules 
of the game must be devised to balance two 
conflicting forces: games which greatly con- 
strain the effect of actions on outcomes are 
inefficient and unproductive: whereas com- 
petition is destructive if these constraints are 
relaxed too much.” 

Assuming 0 < £, <1, for all s and using 
Vo =W, as a boundary condition, the solu- 
tion to (9) is 


(11) Y= (B1b2--- B,) AW, + (82. B,) AW, 
+...4+ BAW, +W,.1- 


The value of maintaining eligibility at any 
stage is the sure prize the player has guaran- 
teed by surviving that long, plus the dis- 


2 Contestants have incentives to introduce new tech- 
niques and styles of play to create a winning edge. 
These are sources of technical change in career games. 
Athletic games use a supreme authority to maintain the 
integrity of the game. Innovations which escalate the 
collective costs of competition relative to social value 
are prohibited. 
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counted sum of successive interrank rewards 
that may be achieved in future matches. 
Herein lies the “option” value of an elimina- 
tion design. Manipulating (11) yields an ex- 
pression for V,_,—W,,,, which controls 
performance incentives, from (8): 


(12) (V1 - Wai) = (B,..- Bs-1) AW, 
+ (Ba... B,-1)AW3 + + AW,. 


Incentives are determined by the-discounted 
sum of interrank spreads. 

What reward structure maintains in- 
centives to perform at a common value 
throughout all stages of the game? Here x, 
= x* for all s and £,= £ is a constant for 
all s, from (10). Then (12) implies 


(13) a= W41)- BUV,_2- W,) = AW, 
for s =2,3,..., N. 


Constant performance requires that (V,_,— 
W,..,) is a constant. Suppose V, -W.... = 


k, where k is determined so that x,=x* 
solves (3). Then from (13), 


(14) k(i-B) =AW=AW, 
for s =2,3,...,N 


and since final-round effort depends only on 
AW,, from (12), 


(15) k=AW,=AW/(1-B) > AW. 


The incentive-maintaining prize structure re- 
quires a constant interrank spread from sec- 
ond place down, from (14). However, it re- 
quires a larger interrank spread at the top, 
from (15). Prizes rise linearly in increments 
AW = k(1— £) from rank N+1 up through 
rank 2, but the first place prize takes a 
distinct jump out of sync with the general 
linear pattern below it. The incentive-main- 
taining prize distribution weighs the top prize 
more heavily than the rest.? See Figure 2. 


3 This analysis determines only relative prizes across 
ranks, not their absolute level. More structure on tech- 
nologies and the social value of the game must be 
introduced to examine the latter (for example, see 
Lazear’s and my article). Here we require that the purse 
is large enough to support V, > 0 for all s. This implies 
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PRIZE 
ae nmam m e nelle RANK 
(n-t)st nth 4th 3rd 2nd 1st 
FIGURE 2 


The proof supports the economic interpre- 
tation of this surprising conclusion. The 
final-round spread has to replace the ear- 
lier option value of achieving possible 
higher ranks at earlier stages. Substitute (14) 
and (15) into (12): 


(16) (V1 z W, +1) 
= B AW, + AW (B1? +B? +... +1) 


= aw [(B*-'/(1-8)) 
+B? 4+ p34... +1] 
=AW(1+B8+8?+ B+...) forall s, 


The extra increment at the top converts the 
value of the difference between winning and 
losing at each stage into a perpetuity of 
constant value at all stages. It effectively 
extends the horizon of the players and makes 
them behave as if they are in a game which 
continues forever. This horizon-extending 
feature of the top prize is one of the reasons 
why observed rewards are concentrated to- 
ward the top ranks. It is clear that con- 
centrating even more of the purse on the top 
creates incentives for performance to in- 


an upper bound on feasible x*. Another upper bound 
on x* is implied by contestants’ outside opportunities, 
but is ignored. 
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crease as the game proceeds through its 
stages. For example, if the winner takes all, 
then every term other than the one in AW, 
in (12) vanishes and the difference in value 
between winning and losing increases as the 
game proceeds, through the force of dis- 
counting: effort is smallest in the first stage 
and largest in the finals. 

The result in (16) and (17) is robust to a 
number of modifications: 

(i) Risk Aversion. Suppose preferences 
take the additive form U(W)—Z,c(x,), 
where c(x) is as before and U(W) is increas- 
ing, but not necessarily linear in W. Then the 
entire analysis goes through by replacing W, 
with U(W,) wherever it appears. Incentive 
maintenance requires a constant difference 
in the utility of rewards U(W,..,)— U(W; +2) 
in all stages prior to the finals, but still 
requires a jump in the interrank difference in 
utility of winning the finals. If players are 
risk averse (U’(W) <0), the incentive- 
maintaining prize structure requires strictly 
increasing interrank spreads, with an even 
larger increment between first and second 
place. The prize structure is everywhere con- 
vex in rank order, with greater concentration 
of the purse on the top prizes than when 
contestants are risk neutral. The spread has 
to be increasing to “buy off” survivor’s risk 
aversion and maintain their interest in ad- 
vancing to higher ranks. 

(ii) Symmetric Win-Technologies. The 
derivation of (14) and (15) rests only on that 
property that P, is 1/2 in equilibrium. Hence 
Figure 2 is independent of the specific form 
of (2) and holds for any win technology 
resulting in a symmetric equilibrium. Fur- 
thermore, the result extends to more than 
pairwise comparisons: there might be n-way 
comparisons at each stage. In the Poisson 
case, the probability of advancing becomes 
h(x,)/Z"A(x,). Then B, = (1/n)(l-(n— 
Lu(x,)/n), but the logic otherwise remains 
unchanged. 

(iii) Stage Effects. The nature of com- 
petition may vary across stages. For exam- 
ple, in a corporate hierarchy the pass-through 
rate may fall at each successive rank. Simi- 
larly, u, may be smaller in the later stages 
because higher-ranking positions are more 
demanding than lower-ranking ones. In 
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sither case, B, decreases as the game pro- 
reeds, and interrank spreads must be in- 
creasing to undo the incentive dilution effects 
of greater discounting of the future, which 
otherwise reduces the option value of con- 
inuation. These considerations increase the 
vonvexity of the rank /reward structure.* 


IV. Heterogeneous Contestants 
with Known Talents 


In heterogeneous populations, elimination 
lesigns promote survival of the fittest and 
xrogressive elimination of weaker contend- 
ərs. The conditional mean ability of survi- 
vors tends to increase as the game proceeds 
and differences in survivors’ talents are 
>ompressed relative to the initial field. This 
nereasing homogeneity among surviving 
nembers across stages extends the incen- 
‘ive-maintenance result above to the limit of 
che last few stages of a long game. For by 
ontinuity of the best-reply functions in abil- 
ty parameters, EV,_, is approximately V,_, 
imong relatively homogeneous survivors in 
he final stages. The extra final-round incre- 
nental prize remains necessary to maintain 
ncentives toward the end. 

This section shows that the value of the 
continuation option is increasing in ability, 
which is why the design encourages survival 
of the fittest. However, analysis is com- 
olicated by progressive increasing strength- 
of-field effects. That stronger opponents are 
likely to be encountered in later stages re- 
duces the value of continuation, while the 
zreater likelihood of being matched against a 
weaker opponent in the current stage in- 
creases it. Therefore, the nature of the game 
s affected by the rules for drawing oppo- 
nents, such as seeding. A simulation of a 
two-stage game illustrates these issues.’ 


4 The analysis of direct effort spillovers across stages 
s complicated by the fact that there may be asymmetric 
is well as symmetric pure-strategy equilibria. At sym- 
netric equilibrium it is easy to show that fatigue and 
“burnout” requires more concentration on the top prize 
to penalize early-round “coasting.” The force of 
“momentum” or learning requires less concentration at 
the top to maintain constant quality of play. 

5 Notice that a player is interested in what players in 
other matches are doing at any given stage because 
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Xy 






Xq = Xij 
1 
4 


7 
¢- EQUALLY TALENTED 


STRONG(I) 


FIGURE 3 


To simplify, assume two player types and 
constant elasticity cost and A(x) functions. 
Type 1 is stronger than type 2 (y,> y2). 
Since we have to keep track of each play- 
er’s talent, the definition of 8, must be ex- 
tended to 


(17) B,J) = P,(1,J)[1- uP,(J, DI, 


where the P’s are evaluated at equilibrium. 
Equation (17) includes (10) when I= J be- 
cause P.(I, I) =1/2. 

Finals, Since EV, — W, = AW, for all y; 
symmetry of (3) implies xı; =x; irrespec- 
tive of players’ talents: P,(, J) = Y;/(Yr + 
y,) in equilibrium. Effort is greater in a final 
match involving equally talented contestants 
than in one which matches a stronger against 
a weaker player (Figure 3). Using the same 
manipulations as before, we find 


(18) V,(1,/)=B,(, JAW, +W. 


Since P,(1,2) > P,(2,1)—a stronger player 
has a winning edge against a weak one in 
equilibrium, we have £,(1,2) > £ > B,(2,1). 
Semifinals. Let m, denote the probabil- 
ity that the winner of the match in question 





those outcomes determine who likely opponents will be 
in future stages. Equilibrium at each stage is a simulta- 
neous 2° player game: the problem does not disassem- 
ble pairwise and its complete solution must be simu- 
lated. 
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will confront a strong player in the finals. 
This depends on the identities and efforts 
chosen by players in the other match, but 
these actions are given to the opponents in 
this match in the Nash solution. Therefore, 


(19) EV (I) =[2,B,(7,1)+(1- m) 
X B,(1,2)] AW, + W, = BAW, + W, 


where 


BO) = m8,(1,1)+(1- m,)B,(7,2) 


and 


(20) EV,(1)—W,=B,(1) AW, + AW. 
m, is smaller for the strong contestant im- 
plies 8,(1) > B,(2) because 8,(1,2) > B,(2,1). 
There are two possible types of matches in 
the semi’s. The equilibrium is symmetric if 
I= J, with P,,1) = P,(2,2) =1/2. If 1 # J, 
the equilibrium is not symmetric because the 
stronger player has a greater value of con- 
tinuation in (19) and (20). The strong player 
exerts greater efforts to win in equilibrium 
and P,(1,2) > ¥4/(¥1 + Y2) = Pi(1,2) (see 
Figure 4). We find 


V(I, J) =B, (7, J)[ B (0) AW, + AW, | +. 
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Furthermore, 
(21) B,(1,2) > B,(1,2) > B 
> B,(2,1) > B,(2,1), 


which implies V,(1,2) > V,(2,1) and B,(1) > 
B,(2). 


These formulas generalize for arbitrary s: 


(22) V7) =B DEBU) 
: B.1(1)) aM 


+(B,(1)...B,1(1)) AW, 


+ AW] + W,,EV, 1 — Woy 


P B- (DAW, 
+(B,(1)...B,_.(1)) AW, 
+B,_,(1)AW,_, + AW, 


B.(1) T 7,B,(1,1)+(1- 7,)B,(1,2), 


where a, is the probability a strong oppo- 
nent will be encountered at s. An easy in- 
duction proves £,(1) > 8,(2) for all s, so (22) 
implies that the value of continuation is 
larger for stronger players at every stage of 
the game. The second expression in (22) also 
implies that a strong player works harder in 
a strong-weak match than a weak player 
does: the weak are eliminated with probabil- 
ity in excess of y,/(y, + Y2) at every stage 
except the last. 

Since the value of the game is larger for 
stronger players, equilibrium in matches 
involving unequally talented players is 
asymmetric (except in the finals) and the 
definition of incentive maintenance must 
be extended. The most straightforward ex- 
tension is a requirement that the same level 
of effort be maintained in all stages within 
any given type of pairing J against J: it is 
not feasible for effort to be maintained at a 
constant value across match types due to 


`- heterogeneity. Even this question cannot be 


answered in its entirety without additional 
structure, because the inequality in (21) can- 
not be extended in general. However, we 
have the following analytical result for the 
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TABLE 1—Two-STaGe, Two-TyPes SIMULATION (y = 2, y =1) 











Spread: AW, /AW, 








A. Semifinals (s = 2) 


x3(1,1) 120.3 
X (2,2) 92.6 
x (1,2) 92.7 
x (2,1) 81.6 
P, (1,2) 69 
B. Finals (s = 1) 

x, (1,1) = x, (2,2) 83.3 
x, (1,2) = x,(2,1) 74.1 
Pr(1,1) .24/.48 
Pr(2, 2) 047.09 
Pr(1,2) 72/43 
C. Expected Total Effort 

Random $40.7 
Seeds 507.4 











2 3 5 8 
118.1 116.6 115.1 113.9 
16.4 60.7 55.5 47.7 
82.6 76.1 68.3 62.0 
66.7 57.7 47.4 39.6 
1 B 74 16 
125.0 150.0 178.5 200.0 
111.1 133.4 158.8 177.8 
26/.51 28/.53 28/55 29/57 
04/.08 03 /.07 03/.06 03 /.06 
70/41 .70/.40 69/39 68/.37 
574.7 598.9 616.0 632.4 
537.2 554.4 573.3 586.9 





Notes; Simulation for y, = 2, y =1, n=e="=1.0. The term x,(/, J) is equilibrium effort expended by player of 
ability type 7 in match against opponent of ability type J when s stages remain; P,(1,2) is probability strong player 
wins semifinal round match against weak opponent; P,(1,2) = 2/3 because final-round equilibrium is symmetric. 
Finals pairing probability Pr(7, J) is equilibrium probability of type J against type J in finals: First number refers to 
random initial draw, second number to strong/weak seeds in first round. The last rows give expected effort summed 


over all players in all matches and stages. 


last two stages: 

If the prize distribution is linear at the 

top (AW, = AW,), effort by both players in 
strong-weak matches is larger in the semifinals 
than in the finals, and effort in matches be- 
tween similar types is also larger in the semi’s 
than in the finals. 
_ The first part follows from the fact that 
B,(1) necessarily exceeds £,(2); while the 
second part follows from Section III (and in 
fact holds true for all stages when the prize 
structure is linear everywhere). The best re- 
ply for each player in any type of match is 
larger in the semi’s than in the finals when 
AW, = AW,. Consequently, the extra incre- 
mental prize at the top remains necessary to 
extend the horizon and help insure that the 
final match is the best match. 

A small simulation for a two-stage game 
illustrates these ideas and shows some effects 
of seeding. To simplify the calculations, I 
chose h(x) =c(x)=x (so e=qy=p=1.0). 
Further, y, = 2 and y, =1: true-to-form odds 
in a (1,2) match are 2-to-1 in favor of type 1. 
The simulation assumes that the game be- 
gins with two players of each type. The total 
purse is fixed at 1000 and W, = 0. The rank- 
prize structure is linear when AW, /AW, =1. 


The first two rows of Table 1 show what 
might happen in a random draw which pulls 
strong-strong and weak-weak in the initial 
round. This happens half the time and 
guarantees a strong-weak final match pair- 
ing. Column 1 demonstrates that finals effort 
is smaller than semifinals effort when prizes 
are linear. Comparing across columns, we 
see that the final-round increment has to be 
quite large for strong players to exert more 
effort in the finals than in the semi’s. The 
results are qualitatively similar for the other 
initial-round pairing possibility. These mixed 
matches would be assured by seeing, but 
occur only half the time with random draws. 
Notice that effort is smaller in mixed matches 
than in like matches, and that effort dif- 
ferences across player types are smaller in 
mixed matches. Strong players work very 
hard at round 1 to knock each other off and 
get into the finals when they know that their 
next opponent will be weak. 

The probabilities of various final match- 
type pairings are shown in panel B. Neither 
seeding nor random draw guarantees that 
the best players survive to the finals, but 
seeding doubles the probabilities that they 
do. Under random draw, the most probable 
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(by far) final match is strong-weak. These 
probabilities are fairly insensitive to spread 
because the strong-player win-probability in 
a mixed first-round match is insensitive to 
the prize distribution with this parameter 
configuration. Notice that seeding makes a 
strong-strong final match the most probable 
outcome, but it comes at the cost of increas- 
ing the probability of a weak-weak final. 
However, this latter probability is small in 
either case. 

Comparing across columns, we see that 
semifinals effort decreases and finals effort 
increases as the spreads grow larger. How- 
ever, panel C shows that the second ef- 
fect exceeds the first: expected total effort 
over all matches and stages increases with 
the spread. Most remarkably, total effort is 
greater when the initial draw is random than 
seeded. Seeding produces less variance in 
efforts in the first round, a lower mean in 
that round, and it most likely produces a 
better match among more talented oppo- 
nents in the finals. The final interrank spread 
must be greatly elevated in the seeding game 
to produce expected total effort comparable 
to the no-seeding game. This suggests that 
seeds are observed when not simply total 
effort expended, but the distribution of the 
quality of play among players and stages, 
and guaranteeing the best match at the end, 
are important for the social productivity of 
the game. It justifies my reluctance to specify 
an additive social value function for the pur- 
poses of calculating an “optimal” prize 
structure. 


V. Heterogeneous Contestants 
with Talents Unknown 


Suppose we are interested in choosing the 
best out of T possible contestants. A round- 
robin design matches each player against 
every other and chooses the one with the 
largest overall win percentage. A sequential 
or knockout design eliminates a contender 
from further consideration after a certain 
number of losses. The sequential design pro- 
motes survival of the fittest and saves sam- 
pling costs by eliminating likely losers early 
in the game, but provides less precise infor- 
mation than the round-robin. The design 
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choice comes down to comparing sampling 
costs with the value of more precision or the 
loss of making errors. H. A. David (1959, 
1969) suggests that knockout designs have 
advantages over round-robins in selecting 
the best contestant, and Jean Gibbons, In- 
gram Olkin, and Milton Sobel (1977) prove 
it using sequential statistical decision theory. 
These issues are of great practical impor- 
tance in medical trials. However, it is not 
possible to apply statistical decision theory 
alone to selection in human populations be- 
cause no account is taken of contestants’ 
incentives to optimize against the experi- 
mental design. l 

The main ideas are best illustrated in the 
case of “symmetric ignorance.” Consider a 
sequential single elimination design, in which 
there are m types of contestants, all of whom 
share the same priors on the talents of others 
and who are equally ignorant about their 
own and others’ talents. The distribution of 
types is common knowledge, and there is no 
private information. Estimates of own ta- 
lents and the strength of the surviving field 
are updated as the game proceeds. This 
changing information feeds back into each 
contestant’s strategy at every stage. When 
contestants have no more information about 
themselves than their surviving opponents 
do, it is clear that the interesting equilibrium 
is symmetric, because all survivors share the 
same information set—the same winning rec- 
ord, and choose the same strategy. 

Let a, (I) denote the probability that a 
player is type J when s stages remain to be 
played, and let &,(J) denote the player’s 
assessment that the current opponent is type 
J. Then, from Bayes’ rule, the player’s as- 
sessment of himself when s—1 stages re- 
main, conditional on surviving (winning at 
stage s) is 


(23) a,_,(7) = Pr(win at stage s|J)a,(7) 
/Pr(win at stage s) 


=al LEC) PL J) 


È La(1)a(J)P(1 J) 
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where P.(J, J) is the win technology in (1); 
L,&,(J)P,UZ, J) is the conditional prob- 
ability of winning given that one is type I. 
The denominator is the unconditional prob- 
ability of winning at stage s. Since the initial 
prior is common, information is common at 
all stages, so a,(J) = &,(J) in equilibrium. 
Furthermore, all contestants choose the same 
effort for given s, and P.U,J)=y,/(y;+ 
Y,) in equilibrium: survival chances for each 
type run true to form at each stage. Finally, 
the unconditional equilibrium survival prob- 
ability is always 1/2 in paired comparisons. 
In equilibrium (23) becomes 


(24) a,_,(1) =2e,(7) 


x Las (|y +y,)]. 


Equation (24) implies survival of the fit- 
test. To illustrate, suppose there are two 
types, with y,>y,. Let a, be the expected 
proportion of stronger (type-1) players alive 
at s. Then (24) is 


(25) a,_,— a, =a,(1—a,)o, 


where w=(¥,— ¥2)/(%1 + Y2) is the dif- 
ference in form probabilities between types. 
The solution to (25) looks like a logistic. The 
weak are eliminated at the largest rate when 
a, =1/2, and are eliminated at a slower rate 
elsewhere. The rate of elimination of the 
weak also depends on w. Convergence is 
very fast when w is large. For example, if 
a, =1/2 and w is close to unity (its maxi- 
mum possible value) over 99 percent of ex- 
pected survivors are strong after only three 
stages. More stages are required to select the 
fittest members of the population the smaller 
the initial values of «æ and w. 

In choosing a strategy a player must assess 
own and opponents’ talents at each stage. 
The problem is illustrated for the case of two 
types, strong (Yı) and weak (7,). We have 


(26) V;,(a,, @,) = max{Pr(win|a,,&,) 
x [V-as &.-1)— W211 i e(x,;)} > 


where the win probability is conditioned on 
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the information available at the beginning of 
Stage s: 


(27) Pr(winja,, @,) =a, @,P,(1,1) 
+(1-&,)P,(1,2)] 
+(1—a,)[&,P,(2,1) +(1- &,) P;(2,2)] 


with (a,, &,) updated according to (23). Thus 
in choosing x, the player weighs the possi- 
bilities of own and opponent’s talent pair- 
ings by the information currently available. 
This information depends on past data, ex- 
ogenous as of stage s. The player’s assess- 
ment of the future strength of an opponent, 
&,_,, depends on the given efforts of players 
in other matches. However, the player’s as- 
sessment of his own talent in the next stage 
depends on today’s actions and outcomes, 
from (23), and this (the value of informa- 
tion) also enters the calculation for choice of 
x,. The Bayesian link between stages s and 
s—1 introduces an interstage linkage in 
strategies that is not present when talents are 
known. 

The first-order condition for this problem 
is 


ô Pr(win|.) 


(28) [Peas 1) Weal 


+ Pr(win|.)[9V,_,(a,-1,4,1)/0e,—1] 
x (da,_1/0x,;) B c'(x,;) = 0. 


The derivative 0 Pr(win|.)/dx,, is calculated 
from (27) and da,_,/0x,; is calculated from 
(23), both given x,, An expression for the 
information term V, /0a,_; is found by 
applying the envelope property to (26): 


(29) dV,(a,,&,)/da, 
= [V,-:(¢,-» a&,_1) az W41] 


x (dPr(win|a,, &,)/da,). 
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The symmetric solution is characterized by 
(28) evaluated at a,=@, and x,;=x,, for 
all s. 

Writing V,=V,(a,,a,) detailed calcula- 
tions at equilibrium yield 


(30a) AV, /da, = (V,1—-W,41)(w/2); 
(30b) 9 Pr(win|.) /0x,, = (h/h) 


x [(1/4)- a,(1— @,)(w?/2)]; 


(30c) da,_1/OX,; ocr a(l a,) 


2 
Y Y 
X w (20, - : | ren : 
nt) (uty) 


Condition (30a) shows that the value of con- 
tinuation is increasing in own-assessment of 
talent, and that its incremental value is in- 
creasing in w, the difference in form prob- 
abilities. The value of information is small 
when contestants are not very different from 
each other. The marginal effect of effort on 
winning (in (30b)) is decreasing in popula- 
tion heterogeneity (w) and in the uncertainty 
with which players assess themselves at each 
stage (a). Uncertainty is a force that 
dampens incentives to perform and is great- 
est at a,=1/2. This effect disappears as 
uncertainty is resolved. Equation (30c) shows 
that greater effort reduces the posterior as- 
sessment of strength.° Given the equilibrium 
effort of the opponent, the winning con- 
testant is more probably of greater talent if 
less effort has been expended. The elimina- 
tion design places extra value on strength, 
and private incentives to experiment to dis- 
cover own strength is another force tending 
to make players hold back efforts at earlier 





Updating own-assessment of talent conditional on 
losing has no value because losers are eliminated. It has 
value in games with double or more eliminations, but 
equilibrium is not symmetric. Nor is it symmetric if 
contestants observe finer information than each player’s 
previous win-loss record. 
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stages. However, this term also vanishes as 
uncertainty is resolved. 

Substituting (30) in (28) and manipulating 
into elasticity form, we have 


(31) ¢(x,) = [(u/4)- A,](Y_1- Moar) 
E B,(V,-2 y W,), 

where 

(32) A,=pa,(1—a,)(w?/2) 


B,= (w?/4)a,(1 —a,) 
| i 


B,=0 








M Yı | 172 
i ntn (ntn) 


fors>2 


The boundary condition B,=0 holds be- 
cause information has no value in the finals. 
Equation (25) is used to calculate A, and B,. 
Substituting into the value function and sub- 
tracting W,,,. provides a recursion for the 
increments V, — W,,. in (31): 


(33) V,- Wa (8 a A,)(V,-1 m W,+1) 


+ B, (V, -27 W,) + AW, +1 


with boundary condition V, — W, = AW. 
Conditions (31) and (33) plus the calcula- 
tion of A, and B, from (32) and (25) repre- 
sent the complete solution of the symmetric 
ignorance problem. Notice that this solution 
converges in the limit to that of equal known 
talents (Section III) as a, approaches unity, 
because A, and B, go to zero. Hence the 
extra increment in the final interrank spread 
is required for incentive maintenance in a 
sufficiently long game, irrespective of the 
initial distribution of talents.” By a similar 


7The remaining case is one of private information, 
where each player knows his own type, but has prob- 
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token, the earlier result holds approximately 
when heterogeneity is small. 

In fact, heterogeneity must be quite large 
for the value of information to have much 
effect on the incentive maintaining prize 
structure of Figure 2. For example, consider 
the case where y; = 2, y, =1 and p=1. The 
strong type wins two-thirds of the time and 
w =1/3. Direct calculation reveals that B, is 
of order 1073, and A, is of order 1077. 
Therefore the second difference effects in 
(31) and (33) are negligible and Figure 2 is a 
very close approximation to the incentive 
maintaining prize structure. When the strong 
player wins three-fourths of the time, the 
corresponding orders of magnitude are 107? 
for both terms, so the approximation in Fig- 
ure 2 remains very good: there are only a 
few minor wiggles. 

Significant departures from Figure 2 occur 
when there are major differences between 
types, but this is mainly due to the incentive 
dilution effects of uncertainty. Even when 
the strong player wins 90 percent of the 
time, the terms in B, remain of order 10~? 
and the second difference (value of informa- 
tion) terms are negligible. But the terms in 
A, show more variation with a,. The term 
(B—A,) is smallest in those stages where 
uncertainty is largest. The interrank spread 
must be increased in those stages for x, to 
be maintained, to overcome larger discount- 
ing of the future. Thus in a tournament 
where the proportion of strong players is 
relatively small in the first round, early-round 
incentive-maintaining prizes are approxi- 
mately linear because there is little uncer- 
tainty. As the weak players are eliminated 
and a, rises toward 1/2, uncertainty is in- 
creasing and the interrank spread has to 
increase to overcome this effect. If the game 
is long enough for a, to exceed 1/2, uncer- 
tainty is decreasing and interrank spreads 


abilistic assessments of opponents’ types. Then Bayes- 
ian updating applies to opponents only. The analysis of 
this case is conceptually straightforward, but the equi- 
libria are not symmetric and few analytical results are 
available. It is omitted for that reason. Still, the result 
on concentration of the purse on the top applies be- 
cause survivors at the last few stages are relatively 
homogeneous. 
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are decreasing for incentive maintenance. 
They increase again toward the end, due to 
the horizon effects. If the initial field is 
equally split (a, =1/2), resolution-of-uncer- 
tainty acts to distribute the prize money 
more equally across the ranks. If the ini- 
tial proportion a, is small and the game is 
long, incentive-maintaining prizes redistrib- 
ute from the extremes toward the middle. 
Finally, the expected selection recursions 
in (24) show that the social value of informa- 
tion is independent of x, in the symmetric 
equilibrium: all information in selecting 
strong players for survival is embedded in 
the elimination design itself, and incentives 
for contestants to produce private informa- 
tion come to naught. The attempt by all 
players to gain informational advantages in 
calculating their private strategies cancel each 
other out because of the ordered quality of 
competition. No one obtains an informa- 
tional edge over that inherent in the design. 
There is a role for the prize structure to 
discourage these socially useless actions, and 
this requires less concentration of the prize 
money at the top, to reduce the private value 
of information. However the calculations © 
above suggest that these effects are relatively 
minor unless differences in talents are large. 


VI. Conclusions 


The chief result is identifying a unique 
role for top-ranking prizes to maintain per- 
formance incentives in career and other 
games of survival. Extra weight on top-rank- 
ing prizes is required to induce competitors 
to aspire to higher goals independent of past 
achievements. There are many rungs in the 
ladder to aspire to in the early stages of the 
game, and this plays an important role in 
maintaining one’s enthusiasm for continu- 
ing. But after one has climbed a fair dis- 
tance, there are fewer rungs left to attain. If 
top prizes are not large enough, those that 
have succeeded in achieving higher ranks 
rest on their laurels and slack’ off in their 
attempts to climb higher. Elevating the top 
prizes effectively lengthens the ladder for 
higher-ranking contestants, and in the limit 
makes it appear of unbounded length: no 
matter how far one has climbed, there is 
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always the same length to go. In examining 
the relation between wages and marginal 
products, the concept of marginal productiv- 
ity must be extended to take account of the 
value to the organization of maintaining in- 
centives and selecting the best personnel to 
the various rungs, not only the contribution 
at each step. Payments at the top have indi- 
rect effects of increasing productivity of 
competitors further down the ladder. 

There is another interesting class of ques- 
tions in this type of competition. Adam 
Smith held the opinion that there is natural 
tendency for competitors to overestimate 
their survival chances (“overweaning con- 
ceit”), while Alfred Marshall held the oppo- 
site opinion. Further analysis shows how 
biased assessments of talent affect survival. 
There is a clear disadvantage to pessimism 
and underestimation of own talents. The 
pessimist doesn’t try hard enough because 
opponents appear relatively stronger, and 
also because the true value of continuation is 
underrated. An elimination design is disad- 
vantagéous to the timid. They do not. survive 
very long. The effects of overestimation and 
optimism are more complicated. For strong 
players and among any contestants in a field 
of comparable types, optimism has two 
effects: the optimist has a tendency to slack 
off due to underestimation of the relative 
strengths of the competition, but overesti- 
mates the own-value of continuation, which 
induces greater effort. Optimism has no 
clear-cut effects on altering survival prob- 
abilities. However, the second effect vanishes 
in the finals, and winning chances are re- 
duced. Optimism has positive survival for 
weak players in a strong field. A weaker 
player who feels closer to the average field 
strength than is true, works harder on both 
counts and is not eliminated as quickly as 
another weak competitor with more accurate 
self-assessments. 

When contestants’ abilities are unknown, 
private incentives to optimize against the 
design for personal informational advantage 
lead to socially useless actions. These in the 
end do not produce any more information 
than is already embodied in the game itself 
and must be discouraged by concentrating 
less of the purse at the top. There are also 
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private incentives for a contestant to invest 
in signals aimed at misleading opponents’ 
assessments. It is in the interest of a strong 
player to make rivals think his strength is 
greater than it truly is, to induce a rival to 
put forth less effort. The same is true of a 
weak player in a weak field. However, it is in 
the interests of a weak player in a strong 
field to give out signals that he is even weaker 
than true, to induce a strong rival to slack 
off. Weighting the top prizes less heavily 
reduces these inefficient signaling incentives. 
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The Architecture of Economic Systems: 
Hierarchies and Polyarchies 


By Raas KUMAR SAH AND JosepH E. STIGLITZ* 


This paper presents some new ways of looking at economic systems and organiza- 
tions. Individuals’ judgments entail errors; they sometimes reject good projects 
and accept bad projects (or ideas). The architecture of an economic system 
(i.e. how the decision-making units are organized -together within a system, who 
gathers what information, and who communicates what with whom) affects the 
errors made by individuals within the system, as well as how those errors are 


aggregated. 


There is a widespread belief that the per- 
formance of an economic system or organi- 
zation is influenced by its internal structure. 
In this paper, we present some new ways of 
looking at the relationship between perfor- 
mance of an economic system and certain 
aspects of its structure, which we refer to as 
its architecture. The architecture (like that of 
a computer or electrical system) describes 
how the constituent decision-making units 
are arranged together in a system, how the 
decision-making authority and ability is dis- 
tributed within a system, who gathers what 
information, and who communicates what 
with whom. 

The two specific architectures studied in 
this paper are called polyarchies and 
hierarchies. We think of a polyarchy as a 
system in which there are several (and possi- 
bly competing) decision makers who can un- 
dertake projects (or ideas) independently of 
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one another. In contrast, decision-making 
authority is more concentrated in a hierarchy 
in the sense that only a few individuals (or 
only one individual) can undertake projects 
while others provide support in decision mak- 
ing. These two architectures are suggestive 
of a market-oriented economy and a bureau- 
cracy-oriented economy, respectively. 

The aspect of organizational performance 
on which we focus is the quality of decision 
making. All individuals make errors of judg- 
ment: some projects that get accepted should 
have been rejected, and some projects are 
rejected that should have been accepted. 
Using an analogy from the classical theory 
of statistical inference, these errors corre- 
spond to Type-II and Type-I errors. 

How individuals are arranged together 
affects the nature of the errors made by the 


` economic system. For example, in a market 
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economy, if one firm rejects a profitable idea 
(say, for a new product), there is a possibility 
that some other firm might accept it. In 
contrast, if a single bureau makes such deci- 
sions and this bureau rejects the idea, then 
the idea must remain unused. The same, 
however, is also true for those ideas that are 
unprofitable. As a result, one would expect a 
greater incidence of Type-II errors in a poly- 
archy, and a greater incidence of Type-I 
errors in a hierarchy. 

The costs of acquiring and communicating 
information (leading to misjudgments by in- 
dividuals) are the central features of the 
technology underlying our analysis. These 
costs include the direct costs (time and re- 


VOL. 76 NO. 4 


sources) and the indirect costs that result 
from the inevitable contamination that oc- 
curs in the process of information communi- 
cation. Communication, like decision mak- 
ing, is always imperfect. No individual ever 
fully communicates perfectly what he knows 
to another. 

Another important feature is the limited 
capabilities of individuals to gather, absorb, 
and process information within a limited 
amount of time. This is why organizations, 
groups of individuals, may be able to do 
more (make better decisions) than any single 
individual. But the fact that communication 
is costly and imperfect means that an organi- 
zation with two individuals, each of whom 
can process a given amount of information 
in, say, a month, is not the same as a single 
individual who has the capacity of processing 
twice that amount of information within the 
same time period. 

The paper is organized as follows. In Sec- 
tion I, we present a simple model of the 
decision structure within a polyarchy and a 
hierarchy. In Section II, we assume that the 
nature of an individual’s errors and the mix 
of available projects is exogenously specified, 
and analyze how changes in these exogenous 
features influence the relative performance 
of the two systems. In Section III, we discuss 
the collection and processing of information 
in the two systems. In particular, we show 
how (Bayesian) screening rules are de- 
termined, and how the two system’s per- 
formances compare with these endogenously 
determined individuals’ errors. Section IV 
discusses briefly some extensions of the anal- 
ysis, while Section V discusses alternative 
interpretations and applications. Proofs of 
most results are omitted for brevity; these 
are available in our 1985a working paper. 


I. The Basic Model 


The problem facing the economic systems 
under study is to choose which of a set of 
projects to undertake. Each project has a net 
benefit, x,! that can be positive or negative. 


!This scalar valuation includes all relevant benefits 
and costs. Also, we are assuming that the interproject 
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There are N available projects. The density 
function of projects is given by g(x). 

The task of individuals within the organi- 
zation is to evaluate (“screen”) the projects. 
We assume that the only feasible communi- 
cation is whether the project is, in the judg- 
ment of the evaluator, “good” or “bad,” 
that is, whether it should be accepted (or 
passed on for further evaluation) or rejected. 
(For now, we can think of a screener as a 
black box that flashes a light when it deems 
a project to be good.) The probability that a 
given individual judges a project to be good, 
p, is a function of its quality. We call the 
function p(x) the screening function. It can 
take any form, provided 1 > p(x) = 0, for all 
x, and the strict inequalities hold for at least 
some x. 

Two properties of the screening function 
are of special interest. The first is its slope, 
P,(x).2 We assume p,(x) is positive, that is, 
a project with higher profit has a higher local 
probability of being accepted by a screen. 
Further, if p and p! represent two screens, 
and if p,(z)> p\(z), then we refer to the 
former screen as locally more discriminating 
at x =z. The second important property of 
screens is the level of p(x). If p(z) > p'(z), 
then we call the former screen locally slacker, 
and the latter locally tighter, at x =z. An 
example is the linear screening function, for 
which p(x) can be expressed as 


(1) = p(x) = p(#) + p,(x-p), 


where p= E[x] is the mean of the initial 
portfolio. Clearly, a higher p(y) and p, im- 
ply globally higher slackness and discrim- 
inating capability. 

If screening were perfect, then the archi- 
tecture of a system has no effect on its 
output because all projects with x > 0 would 


externalities are not significant (i.e., the profit from one 
project does not depend significantly on whether some 
other projects are undertaken or not), and that there is 
no restriction on the number of projects that can be 
undertaken. 

e 7A letter subscript denotes the variable with respect 
to which a partial derivative is being taken. 


718 THE AMERICAN ECONOMIC REVIEW 





initial | 
portfolio 
FIGURE 1. POLYARCHY 
bureau] bureau 2 
initial | final 
portfolio portfolio 


FTIT mre 


FIGURE 2. HIERARCHY 


be accepted and those with x <0 would be 
rejected; that is, p(x) =1 if x > 0, and p(x) 
=0 if x <0. Without perfect screening, the 
architecture of the economic system de- 
termines the conditions under which a proj- 
ect gets selected and, hence, it affects the 
system’s output. In the following simple 
model, we consider a polyarchy consisting of 
two firms, and a hierarchy consisting of two 
bureaus. 

The decision process in a polyarchy and 
a hierarchy are depicted in Figures 1 and 
2, respectively. In a polyarchy, the two 
firms screen the projects independently. For 
specificity, one may think of projects arriv- 
ing randomly (with probability one-half) at 
one of the two firms. If a particular project is 
accepted by a firm, then it is no longer 
available to the other firm. If the project is 
rejected, then it goes to the other firm where, 
once again, it can be accepted or rejected 
(but firms cannot tell which of the projects 
that they are evaluating have been previously 
reviewed). Neither firm screens the same 
project twice, so that a project cannot cycle 
back and forth between firms. The portfolio 
of projects selected in a polyarchy therefore 
consists of the projects accepted separately 
by each of the two firms. 

In contrast, in a hierarchy, all projects are 
first evaluated by the lower bureau (bureau 
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1); those that are accepted are forwarded to 
the higher bureau (bureau 2) and others are 
discarded. The projects selected by the sys- 
tem then are those which are selected by the 
higher bureau. Drawing an analogy from the 
design of relay circuits, the screens are placed 
in series in a hierarchy, whereas they are 
placed in’ parallel in a polyarchy. 

In a polyarchy, the probability that a proj- 
ect that goes to the first firm is approved is 
p(x). It gets rejected with probability 1— 
P(x); the probability that it then gets ap- 
proved by the second firm is again p(x). 
Hence the total probability of acceptance is 
p(x) + (1 — p(x) p(x) = p(x)(2— p(x). 
Similarly, in a hierarchy, the probability that 
a project is approved by the lower bureau is 
p(x). The probability that the same project 
given to the higher bureau is approved is 
again p(x). Hence, the probability of a proj- 
ect being approved is p*(x). 

The probability that the project x will be 
accepted in the system s is denoted by f(x), 
where the superscripts s= P and H repre- 
sent a polyarchy and a hierarchy, respec- 
tively. If individuals’ decisions are indepen- 
dent across screens and projects, then 


O P= P=’) 


In the comparison of the two systems be- 
low, we assume that both systems face the 
same set of available projects, and that they 
have the same screening function. The latter 
assumption is dropped in Section III. 


II. Comparative Performance with 
Identical Screening Functions 


We investigate two questions in this sec- 
tion: what is the relative performance of the 
two systems, and how is it affected by the 
properties of the available project portfolio, 
and the screening function? 


A. The Size of Final Portfolios 
The proportion of the initial portfolio 


selected by the two systems, n‘, is just 
ff*(x) g(x) dx = E[ f°]. Denoting the differ- 
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ence in these proportions by An, we find that? 
(3) An=n?—n">0, 


since, from (2), f?— f"=2p(x){1- p(x)} 
>= 0 for all x, and it is strictly positive for 
some x. 


PROPOSITION 1: A polyarchy selects a 
larger proportion of the available projects than 
does a hierarchy. 


The reason behind this result is intuitive. 
Consider a hypothetical situation in which 
the second firm in a polyarchy does not 
exist, and the higher bureau in a hierarchy 
does not exist. The proportion of projects 
accepted in the two systems would then be 
the same, namely, E[ p(x)]. Since the sec- 
ond firm accepts at least some projects, and 
since the higher bureau rejects at least some 
projects, the actual proportion of projects 
accepted in a polyarchy must exceed that in 
a hierarchy. It is also obvious that this result 
holds for good as well as bad projects. Fur- 
ther, the result does not depend on how one 
defines good vs. bad projects, provided there 
is some probability that a screen will accept 
at least some good and some bad projects. It 
immediately follows that: A polyarchy accepts 
a larger proportion of good as well as bad 
projects compared to a hierarchy, no matter 
how one defines good and bad projects. There- 
fore, the incidence of Type-I error is relative- 
ly higher in a hierarchy, whereas the incidence 
of Type-II error is relatively higher in a 
polyarchy. 

The above. result suggests that there: may 
be circumstances in which a polyarchy per- 
forms better than a hierarchy (when it is 
more important to avoid Type-I errors) and 
other circumstances in which a hierarchy 
performs better than a polyarchy (when. it is 
more important to avoid Type-II errors). 

To determine the impact of initial port- 
folios on the size of final portfolios, note 


3Here as elsewhere, N, the number of available 
projects plays no role, and we therefore suppress it. The 
variables representing the performance of a system are 
thus normalized by the number of available projects. 
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FIGURE 3. PROBABILITIES OF ACCEPTANCE IN 
ALTERNATIVE SYSTEMS 


from (2) that /*(x) is increasing in x. Ad- 
ditionally, f?(x) is concave and f™”(x) is 
convex in x, if the screening function is 
linear. Therefore, the standard properties of 
statistical dominance (under an assumption 
that the end points of the projects’ distri- 
bution are fixed) yield the following result. 


PROPOSITION 2: A worsening in the initial 
portfolio in the sense of first-order stochastic 
dominance leads to a smaller proportion of 
initial projects being selected in both systems. 
With a linear screening function, a mean-pre- 
serving spread in the initial portfolio leads to a 
smaller proportion of initial projects being 
selected in a polyarchy, and a larger propor- 
tion being selected in a hierarchy. 


These results can be seen in Figure 3. As 
shown, f? and f7 are concave and convex 
in x, since p(x) in linear. n° is the area 
above the x-axis bounded by the product of 
f° and g. Naturally, this area corresponding 
to f? is larger than that corresponding to 
f", and this area enlarges, for both a poly- 
archy and a hierarchy, if the density weight 
shifts from lower x to higher x. Also, if the 
density weight shifts from the mean to the 
two sides, due to a mean-preserving spread, 
then the area representing n° decreases in a 
polyarchy and it increases in a hierarchy. 

Straightforward calculations allow one to 
ascertain how n° is influenced by changes in 
the two parameters of the linear screening 
function. We find the following. 


PROPOSITION 3: With a linear screening 
function, a higher slackness in screening 
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(p(p)) raises the proportion of projects 
selected in both systems. And, a higher dis- 
criminating ability in screening (p,) lowers 
the proportion selected in a polyarchy, whereas 
it raises the proportion selected in a hierarchy. 


B. Profits in Alternative Systems 


Two Types of Projects. In the case where the 
set of projects to be reviewed consists only 
of two types of projects, we can obtain a 
complete characterization of the conditions 
under which the (expected) output is higher 
under polyarchy or hierarchy. The initial 
portfolio is represented by the return on 
good projects, z,>0; the return on bad 
projects, — Zz, <0; and the proportion of 
good projects, a. The screening function is 
characterized by the probability that a good 
project gets accepted, denoted by p, = p(3,), 
and the probability that a bad project is 
accepted, denoted by p, = p(—z,). If Y°= 
E[xf*] denotes the output, and AY = Y?— 
Y” denotes the difference between the out- 
puts of the two systems, then 


(4) AY=2z,(1—a) 


x [ap 1- Pı)- P21- p2)l, 


where a = z,a/z,(1— a) is a summary repre- 
sentation of the quality of the initial port- 
folio. 

An improvement in the initial portfolio in 
the present model is represented by a larg- 
er a (i.e, a larger a or a larger z,/z,). It 
follows from (4) that a worse initial portfolio 
implies that the relative performance of a 
polyarchy, compared to a hierarchy, is worse. 
This is simply because the relative advantage 
of a hierarchy is in rejecting bad projects, 
whereas the relative advantage of a poly- 
archy is in accepting good projects. If the 
initial portfolio worsens, then the former 
advantage becomes increasingly more im- 
portant and the relative performance of a 
hierarchy improves. However, we must cau- 
tion that the probability that a project is 
accepted or rejected by a screen (i.e., the 
rules for project acceptance and rejection), 
might be affected by the mix of available 
projects, among other things. One might sus- 
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FIGURE 4. COMPARISON OF A POLYARCHY 
AND A HIERARCHY 


pect, for instance, that if there was a large 
proportion of bad projects, screening would 
become relatively tighter in a polyarchy, and 
this might improve its relative performance. 
Endogenous screening functions with such 
properties are discussed later. 

The above expression also allows us to 
demarcate the parameter space into two re- 
gions: one in which a polyarchy has a higher 
output than a hierarchy, and the other in 
which the reverse holds. 

Figure 4 summarizes the results. We are 
concerned only with the area below the 45° 
line, since screens have some discriminating 
capability; that is, p; > po. 

First consider the case where the initial 
portfolio is moderately good; that is, a=1. 
This happens, for instance, if the initial 
portfolio has equal number of good and bad 
projects (a =1/2) and if the gains and losses 
from the two types of projects are symmetric 
(2, =2Z,). In this case, a polyarchy has a 
higher output if 


(5) 1— pi> Po 


In Figure 4, thus, a polyarchy performs better 
in the area ODA and the reverse holds in the 
area ADB. 
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This result has a simple explanation. Re- 
call that (1— p,) is a screen’s Type-I error, 
the probability of rejecting a good project; 
and p, is a screen’s Type-II error, the prob- 
ability of accepting a bad project. Now, if a 
screen is more likely to reject a good project 
than to accept a bad project, that is, if (5) 
holds, then it must be the case that a poly- 
archy (which gives a second chance to the 
rejected projects) would do better. 

If the initial portfolio is worse, that is, 
a <1, then, from (4), we find that the param- 
eter space is separated by a hyperbola like 
OEA, which is inside the region ODA. 
A polyarchy has a higher profit within the 
region OEA, and the reverse holds outside 
of it. The region OEA shrinks as the initial 
portfolio becomes worse, and it coincides 
with the line OA if a = 0. The opposite 
case, in which the initial portfolio is better 
(i.e, a>1) has a parallel implication. A 
polyarchy then has a higher profit outside 
of the region AFB, and the reverse holds 
inside it. 

There is another way in which the results 
can be seen intuitively. Suppose that we 
subjected each project to two screenings. 
Clearly, if both screens indicated that the 
project was bad, the project should be re- 
jected, and if both indicated that the project 
was good, it should be accepted. A tradeoff 
arises in those cases where there is a mixed 
review. Whether a project with a mixed re- 
view should be undertaken depends on the 
profit from such a project. The probability 
of a good project getting a mixed review is 
2p,(1— p,), while the probability of a bad 
project getting a mixed review is 2 p,(1— p2). 
Hence the expected profit from projects with 
mixed reviews is the same as (4). Now, if it 
turns out that the expression (4) is positive, 
it means that projects with mixed reviews 
should be accepted; this is precisely what 
polyarchy ensures. Similarly, if it turns out 
that (4) is negative, it means that the projects 
with mixed reviews should be rejected, and 
this is precisely what hierarchy ensures. 


A General Project Portfolio. Before conclud- 
ing this subsection, we briefly consider an 
initial portfolio consisting of a continuum of 
projects. Recall from (2) that f?—f"%= 
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2p(1— p). Then, AY=2E[xw], where y= 
p(1— p). To determine the effect of a change 
in the initial portfolio, we note 


(6) y, = (1-2p)p,; 


Wee = —2p7+(1—2p) Pzr 


Since 4 can be either a concave or convex 
function of x, the effect of a mean-preserv- 
ing change in the initial portfolio is, in gen- 
eral, ambiguous. If the range of x is small, 
however, then using (6), we obtain 


(7) El[x)] = v(w)n+¥,(n)E[x(x—p)] 
= p(u)((1— p(#)) p+ (1-2p(p)) 


x p,(u)E [(x- p]. 


Hence, if p > 0, and p() <}, then a poly- 
archy has a larger output than hierarchy; 
further, an increase in the variance of the 
portfolio improves the relative performance 
of polyarchy, regardless of the value of p. 

When the screening function is linear, then 
additional comparative statics results can be 
easily obtained. For instance, if the initial 
portfolio contains projects symmetrically 
distributed around zero mean, then a poly- 
archy performs better or worse than a 
hierarchy depending simply on whether p(t) 
is less than or more than one-half, that is, 
whether the screening is tight or slack. A 
higher mean or a greater negative skewness 
of the initial portfolio, on the other hand, 
improves the relative performance of a poly- 
archy. 


HI. Endogenous Screening Rules 


The individual decision makers in the 
above model can be interpreted to be Bayes- 
ian, with each of them receiving a binary 
(imperfect) signal concerning the quality of 
the projects. More generally, individuals ob- 
serve a much richer set of signals that they 
have to interpret; they have to decide, in 
other words, under what conditions they will 
recommend that the project be undertaken. 
Assume, for instance, that the project eval- 
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uator observes 
(8) y=x+ð. 


Project evaluators use reservation levels for 
screening: a project is accepted if its ob- 
served profit is above the reservation level, 
R, and it is rejected otherwise. Assume 8 is 
distributed independently of x and denote 
the distribution function of 0 by M(@) and 
its density by m(@). The screening function, 
then, is given by 


(9) p(x, R) = Prob[ y >R] 
=1—M(R-x). 


The above expression yields p,>0, and pp 
< 0: the probability that a project is accepted 
by a screen is increasing in the quality of the 
project, and it is decreasing in the reserva- 
tion level. Increasing R increases the prob- 
ability of a good project being rejected 
(Type-I error) and decreases the probability 
of a bad project being accepted (Type-II 
error). The reservation level R is chosen to 
balance off these errors. l 

In a polyarchy, denote the two firms by 
superscripts i and j. For firm i, R' is the 
reservation level, pi = p(x, R') is the screen- 
ing function, and Y‘? denotes the output; 
then 


(10) ¥'? =E[xp'(2— p/)]/2; 


yPaylP+y?? 


We now turn to a comparison of the 
reservation levels under the two systems, and 
using these results, to a comparison of per- 
formance. The reservation level in a hier- 
archy, R”, maximizes Y” = E[xp?]; that is, 
it satisfies 


(11) Yg = 2E[xpp,] =0. 


4The optimal policies can be characterized in terms 
of a single reservation level only if some mild regularity 
conditions are satisfied by the nature of the error terms. 
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To emphasize the independence (and 
potential competition) between the two firms 
in a polyarchy, we assume that their reser- 
vation levels are determined without coord- 
ination. We focus on the symmetric Nash 
optimum; from (10), the corresponding 
reservation level, R”, is characterized by 


(12) E[x(2— p) pr] =0. 


As a benchmark, we also note that in the 
case of a coordinated polyarchy (where the 
reservation level for the firms is set to maxi- 
mize the combined output Y”), the reserva- 
tion level, R°, is obtained by equating 


(13) Ye = 2E[x(1—p) pel 


to zero. Using expressions (11) to (13), one 
can show the following:> 


PROPOSITION 4: R°>R?> R". That is, 
the screening in a polyarchy is more conserva- 
tive than that in a hierarchy, but less conserva- 
tive than that in a coordinated polyarchy. 


This result has an intuitive explanation. 
While in a hierarchy, the lower bureau knows 
that its decisions are rechecked at the upper 
bureau; and the upper bureau knows that all 
projects it receives have been checked at the 
lower bureau; in a polyarchy, each firm 
knows that its decision will not be rechecked; 
and to make matters worse, it knows that the 
set of projects which it is examining includes 
many that have already been examined 
elsewhere, and have been rejected. This con- 
servatism is reflected in market economies 
by firms insisting on a high “expected” re- 


5To show this, we define c(x) = (1— p(x))/p(x), 
and observe that the turning points as well as glob- 
al maximum of c(0)Y” are identical to those of Y” 
for any constant c(0), and that d(c(0)Y¥" — Y?)/dR = 
2 Exppric(0)— c(x)] <0, since c (x) <0 and ppr <0. 
Assume to the contrary: that R” > RC. Then from 
YP > c(0)¥f, it follows that Y¥?(R¥%)—Y?(R°)> 
c(0){ ¥"4(R#)— Y"(R°)}. The left-hand side is nega- 
tive and the right-hand side is positive. This contradic- 
tion establishes that R > R”. The uncoordinated poly- 
archy can be thought of as maximizing Ex[2 p —.5p*]. 
The result that RO > R? >R” follows along exactly 
parallel lines to our proof that RO > R. 
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turn in order to undertake a project. For 
example, firms often have a decision rule 
that only projects with an expected return in 
excess of 20 percent be undertaken, but 
the actual average returns are considerably 
smaller. Firms know that to attain the 
required return, they have to set high 
reservation levels. Our analysis also shows, 
as one would expect, that firms in an unco- 
ordinated polyarchy do not take into account 
the negative externality that they exert on 
one another (i.e, each firm worsens the 
portfolio which the other firm faces) as much 
as they would were their reservation levels 
coordinated. 


Comparative Statics of Reservation Levels. An 
immediate implication of (11)-(13) is the 
following. 


PROPOSITION 5: An unambiguous in- 
crease in the relative proportion of bad proj- 
ects increases the reservation levels under 
both hierarchy and polyarchy. That is, if 
g(x, B)/OB SO as x20, then dR*/dB >Q 
Jor s= P, H, and C. 


Thus, a worsening of the portfolio of 
available projects leads to tighter screening 
(lower probabilities of acceptance). 

Another critical determinant of the res- 
ervation levels is the quality of information 
based on which projects are selected. Intui- 
tively, we would expect a worsening of the 
quality of information to lead to higher res- 
ervation levels. For simplicity, let the noise 
associated with observing a project depend 
on x. Now consider a new distribution of 6, 
which first-order stochastically dominates the 
original distribution for x < 0. Because with 
the new distribution, we are more likely, at 
any reservation level, to accept a bad proj- 
ect, we refer to the new information as noisier 
than the original. It is easy to show 


PROPOSITION 6: If the screening is tight, 
noisier information induces an increase in the 
reservation level of a hierarchy.® 


®This definition of an increase in noise is not the 
standard one in the statistical decision literature. Under 
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Comparison of Performance. Because the res- 
ervation levels are set differently in the dif- 
ferent systems, the individuals’ Type-I and 
Type-II errors are different; this makes the 
comparison of the system performance more 
difficult than that in the previous section. 
We present three sets of results, focusing on 
the special case where there are two types of 
projects. 

(a) Suppose a polyarchy has a larger 
output than a hierarchy when both systems 
use the hierarchy’s (optimal) reservation 
levels. Then clearly, a coordinated polyarchy, 
using its reservation levels, will perform even 
better. Moreover, if Y?” is locally a concave 
function of R,’ then Proposition 4 implies 
that an uncoordinated polyarchy using its 
own reservation levels, will also outperform 
hierarchy. 

Thus, when a =1, and the reservation levels 
for hierarchy are such that the screening prob- 
abilities fall within the area ODA in Figure 4, 
then the output of a polyarchy is larger. By the 
same reasoning, whenever the reservation 
levels for polyarchy are such that the screen- 
ing probabilities fall within the area ADB, 
then a hierarchy has a larger output. Analo- 
gous interpretations apply when a #1. Note 
that one cannot reach a verdict on the rela- 
tive performance (using this approach) if 
hierarchy’s screening probabilities fall within 
ADB, or if polyarchy’s fall within ODA. 

When will hierarchy’s screening probabil- 
ities be such that at those probabilities, poly- 
archy outperforms hierarchy? First, consider 
the case where a is slightly less than unity. 
Then, p, = p, = 0 if we observe a completely 
uninformative signal. By continuity, using 
the above results, if the signal concerning the 
quality of the project is sufficiently bad, then 
polyarchy outperforms hierarchy. This is a 


the stated conditions, for all values of x < 0, p(x, R) is 
increased for all R, while pp(xR) is decreased at the 
optimal R, provided only that the error density func- 
tion for large @ is increased. This result establishes that 
each local maximum to Y" is shifted to the right. To 
ensure that the global maximum is reduced, we need to 
assume either concavity, or to impose somewhat stronger 
conditions on how the distribution of noise changes. 

7 That is, Yp < 0 within the region R” < R < RE. 
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somewhat surprising result: one might have 
thought that with poor information, the sec- 
ond screening provided by hierarchy would 
be more valuable. But the reservation levels 
adjust so much, the resulting screening is so 
tight, that the second chance provided by 
polyarchy is more important than the second 
review provided by hierarchy. 

Next, note from Proposition 5 that an 
improvement in the portfolio (i.e., an in- 
crease in a) leads to larger acceptance prob- 
abilities. Our earlier analysis, on the other 
hand, showed that a larger a increases the 
range of p, and p, within which polyarchy 
dominates a hierarchy. We therefore ascer- 
tain conditions under which, nonetheless, it 
can be established that polyarchy performs 
better than a hierarchy. For this, the internal 
optimum in a hierarchy, (11), is restated in 
the present case (where the initial portfolio 
consists of only two types of projects) as 
(14) aPı Pır F P2Por- 

Now define k = [m(R” — z,)/M(R4 — z,)// 
[m(R# + z,)/M(R4 + z,)]. Using (4), then, 
the following can easily be established. - 


PROPOSITION 7: If k <1, polyarchy per- 
forms better than hierarchy. 


To see what is entailed, consider the case 
where m(@) is unimodal and a is large, so 
that reservation levels are low, sufficiently 
low that R+z, and R- z, are below the 
mode. Then k <1 provided that for R—z, 
<9<R+2z,, m(@)/M(8@) is increasing in 0 
(i.e., mẹ > m*/M). Analogous results can be 
derived illustrating conditions under which 
at polyarchy’s optimally chosen screening 
probabilities, hierarchy outperforms poly- 
archy. 

(b) We can derive an alternative, some- 
what weaker set of sufficient conditions un- 
der which one or the other system performs 
better by taking into account the fact that 
screening is tighter in a polyarchy. Let a 
polyarchy choose its reservation level such 
that the (expected) number of projects it 
undertakes is the same as that chosen opti- 
mally by a hierarchy. This is clearly not 
optimal, but if we can show that with this 
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nonoptimal reservation level, polyarchy per- 

forms better than hierarchy, then a coordi- 

nated polyarchy will surely perform better’ 
with reservation levels optimally chosen. 

If R7 denotes the reservation level at which 
a polyarchy chooses the same number of 
projects as that chosen by a hierarchy using 
reservation level R”, then RT> R". For 
brevity, we also define m?(x) = m(R? — x), 
and m”(x)=m(R"— x); M? and M” are 
defined analogously. Now, the above poly- 
archy performs better than hierarchy if the 
aggregate screening function is more dis- - 
criminating for the former; that is, if f? > fF 
in the relevant range (equivalently, if 
m?M?” > m”(1— _M")). This will be true if 
the screening is very tight (in which case M” 
is close to one), provided only that the dif- 
ference between m?” and m” is not too 
large, which, in turn, will be true provided 
my is not too large. Moreover, with very 
tight screening, R? = RC (i.e., the externality 
effect becomes negligible). It follows there- 
fore that (under the conditions stated above) 
a hierarchy is outperformed by a coor- 
dinated as well as an uncoordinated poly- 
archy. 

Much weaker conditions are required to 
establish the above result if RT is not much 
larger than R”. A sufficient condition in this 
case is that the screening is moderately tight, 
that is, a screen’s probability of accepting a 
project is less than one-half.’ 

(c) We have investigated in detail the 
case of uniform distributions of errors, with 
mean zero, for the case of symmetric proj- 
ects (z; = Z,). In this case: A polyarchy has a 


®The probability that a project is accepted by a 
polyarchy is f?(R7, x) =1— M?(R7— x), where x =z 
and — z, for good and bad projects, respectively. The 
corresponding probability in a hierarchy is f”(R”, x) 
= {1— M(R# — x)}*. With the same number of proj- 
ects being accepted in the two systems, polyarchy 
performs better if f?(R7,z,)>f"%(R4,z,), or, if 
fP(R", — z3) < (fF, — z). An equivalent condition is 
fP(R?, zı) Ri fPCRT, — Z2) > JERE, z1) i 
f#(R*, — z3), which is satisfied if f? > £7 in the rele- 
vant range. 

°This is because if R’ +R” then the required 
inequality (see fn. 8), f?(R7,z,)-—f?(R", — 2.) > 
JERY, 2.) — fFCR", — z3), is satisfied provided M is 
larger than 1/2, within the range R7 — z, to R? +2). 
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higher (lower) profit than a hierarchy if the 
proportion of good projects in the initial port- 
folio is less (more) than one-half. Obviously, 
if one hypothesizes that unprofitable ideas 
typically outnumber the profitable ones in a 
portfolio, then the present example suggests 
that a polyarchy is a superior institutional 
arrangement. 


Remarks: 

(i) The assumption of limited communica- 
tion plays a critical role in our analysis. We 
assumed that firms in a polyarchy cannot 
‘do not) communicate at all, and the bureaus 
in a hierarchy communicate only binary sig- 
nals (whether they think a project is good or 
bad); they cannot communicate their actual 
information concerning the characteristics of 
the projects. We believe that although the 
2xtent of information sharing varies under 
different circumstances, it is seldom perfect, 
and our model has been constructed to cap- 
ture the consequences of this. 

(ii) The architecture of the economic sys- 
tem itself conveys some information to its 
constituents, which they use in setting deci- 
sion rules. For example, in our analysis of 
polyarchy, in which the firms do not share 
any information with one another, each firm 
knows that some of the projects it receives 
are those rejected by the other firm and, 
consequently, the portfolio of projects faced 
by a firm is not an exact replica of the initial 
portfolio, but has been modified by the other 
firm. This implicit information is partly used 
in determing optimal reservation levels. 


IV. Extensions 


The basic components of our model are 
the screening function, the distribution of 
available projects, and the system’s architec- 
ture, with its associated decision rule. Each 
of these components can be generalized (as 
we have partly done in our referenced 
papers). In the preceding section, we endog- 
ənized the screening function, given the 
available information. By allocating more 
resources to information acquisition, more 
informative signals can be obtained. The 
level of spending on information acquisition 
within each level of the hierarchy (by each 
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firm within a polyarchy) must then be en- 
dogenously determined. In general, the levels 
of expenditure at each level of the hierarchy 
will not be the same: a higher quality screen- 
ing at the lower bureau improves the port- 
folio to be evaluated by the higher bureau, 
but it also costs more because a larger num- 
ber of projects are evaluated at the lower 
level. Similar issues arise in the assignment 
of individuals of differing abilities within a 
hierarchy (in the present paper all individu- 
als have the same ability). The architecture 
of a system may also influence the mix of 
available projects because the likelihood of 
acceptance for projects of various types may 
well affect research incentives. 

Alternative “architectures” that we have 
investigated include committees; that is, 
groups of individuals of different sizes who 
use particular decision rules (for instance, 
majority voting) to approve projects. (The 
decision-making units investigated in the 
present paper can be viewed as the limiting 
case of committees of one.) These polar ar- 
chitectures, in turn, can be viewed as build- 
ing blocks for complex organizations and 
economies which are mixtures of hierarchies, 
polyarchies, and committees. 

We can also investigate the consequences 
of alternative decision rules. We have fol- 
lowed the natural presumption that a project 
is not undertaken unless it is approved by 
the organization; within a hierarchy, by both 
bureaus; within a polyarchy, by at least one 
firm. We could, of course, imagine quite 
different organization of decision making: 
for instance, a hierarchy in which all projects 
are accepted except those which get vetoed 
by both bureaus and a polyarchy in which a 
project is accepted unless vetoed by one of 
the units. 

We refer to organizations operating ac- 
cording to the veto rule as a veto hierarchy 
and polyarchy, in contrast to those we have 
analyzed earlier, which we refer to as an 
acceptance hierarchy and polyarchy. It can 
be easily shown that, in the absence of costs 
of coordination: An acceptance polyarchy 
(hierarchy) is equivalent to a veto hierarchy 
( polyarchy). 

Note, however, that the coordination re- 
quirements may be markedly different de- 
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pending on the architecture and the nature 
of decision rules. For instance, an accep- 
tance polyarchy does not require any infor- 
mational coordination among its constituent 
units; a firm does not need to inform other 
firms concerning the projects it has accepted 
or rejected. This is an important aspect of 
the independence of firms within market-like 
systems, which we stressed earlier. In com- 
parison, in a veto polyarchy in which one 
unit can veto a project from being under- 
taken, each unit must inform other units 
which projects it has rejected. Similarly, in a 
veto hierarchy the lower bureau must send 
all projects to the higher bureau. If there are 
significant costs to informational coordina- 
tion (significant noise in information trans- 
mission), then it is clear that an acceptance 
polyarchy may have an advantage over other 
organizational forms. 


V. Applications and Conclusions 


Our analysis has focused on alternative 
ways of structuring decision making that 
might be applied to any organization. The 
comparative statics propositions indicate the 
“objective” circumstances under which each 
form might be observed, if the choice of 
organizational form is being made explicitly 
or implicitly. Not only is such a comparative 
view relevant to corporate decision making, 
but also to decision making within the pub- 
lic sector: for instance, to on-going con- 
troversies over the organization of the 
military (three branches, more or less in- 
dependent, or one unified armed force). Sim- 
ilarly, alternative political structures (with 
their systems of checks and balances) can be 
viewed as alternative architectures to bal- 
ance the consequences of different types of 
human errors. 

An important application of our ap- 
proach, as we indicated in the beginning, is 
in the comparison of alternative ways of 
organizing economic systems, the polyarchi- 
cal structure capturing certain central ele- 
ments of market economies, the hierarchical 
structure those of the more centralized econ- 
omies. The organization of decision making 
(and the corresponding errors, costs, and 
consequences) has played little or no role in 
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some of the most important previous work 
in this area. There is clearly more at stake 
in the choice of an economic system than, 
for instance, a comparison of alternative 
algorithms for arriving at a once and for 
all allocation of society’s resources, that 
was emphasized in the Lange-Lerner-Taylor 
claim of equivalence between price-guided 
socialist economies and market economies. 

There are many aspects of the comparison 
of alternative systems with which we have 
not dealt adequately here, but which we 
believe can be incorporated into our frame- 
work, and which we hope to address in the 
future: for instance, the view that better 
incentive mechanisms can often be designed 
within decentralized economic systems (see 
Barry Nalebuff and Stiglitz, 1983), and the 
claim that centralized economic systems pro- 
vide a better framework for dealing with 
externalities (which we have explicitly ex- 
cluded from the analysis);!° the view that a 
decentralized system’s performance is less 
sensitive to the quality of the key decision 
makers; the view that natural selection 
mechanisms work more effectively in de- 
centralized economics, and the view that de- 
centralized structures provide greater stimu- 
lation for innovation. 

Our analysis has, however, cast light on 
several other aspects of the debate con- 
cerning the relative merits of polyarchies vs. 
hierarchies: advocates of polyarchies point 
out that a good project has many opportuni- 
ties of being accepted in their system, 
whereas critics contend that polyarchies fail 
to provide adequate checks against incom- 
petent decision making. Critics of heirarchi- 
cal structures claim that there are high costs 
to providing these checks; there are direct 
costs of additional evaluations, and there are 
indirect costs because good projects get re- 
jected in the process of ensuring that bad 
projects do not get undertaken. Advocates of 


_polyarchies point further to its virtues in 


10Tn addition, we have assumed that only one firm 
can undertake a project. The inefficiencies which arise 
when many firms undertake similar projects within de- 
centralized systems have been a source of criticism 
leveled at these systems. 
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economies of communication. There is a 
grain of truth in each of these views. In this 
paper, we have provided a framework within 
which one can assess the circumstances un- 
der which the grain of truth in one view is 
greater than that in the other. 
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Fairness as a Constraint on Profit Seeking: 
Entitlements in the Market 


By DANIEL KAHNEMAN, JACK L. KNETSCH, AND RICHARD THALER* 


Community standards of fairness for the setting of prices and wages were elicited 
by telephone surveys. In customer or labor markets, it is acceptable for a firm to 
raise prices (or cut wages) when profits are threatened and to maintain prices 
when costs diminish. It is unfair to exploit shifts in demand by raising prices or 
cutting wages. Several market anomalies are explained by assuming that these 
standards of fairness influence the behavior of firms. 


Just as it is often useful to neglect friction 
in elementary mechanics, there may be good 
reasons to assume that firms seek their maxi- 
mal profit as if they were subject only to 
legal and budgetary constraints. However, 
the patterns of sluggish or incomplete ad- 
justment often observed in markets suggest 
that some additional constraints are oper- 
ative. Several authors have used a notion of 
fairness to explain why many employers do 
not cut wages during periods of high unem- 
ployment (George Akerlof, 1979; Robert 
Solow, 1980). Arthur Okun (1981) went fur- 
ther in arguing that fairness also alters the 
outcomes in what he called customer 
markets—characterized by suppliers who are 
perceived as making their own pricing deci- 
sions, have some monopoly power (if only 
because search is costly), and often have 
repeat business with their clientele. Like 
labor markets, customer markets also some- 
times fail to clear: 


...firms in the sports and entertain- 
ment industries offer their customers 
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tickets at standard prices for events 
that clearly generate excess demand. 
Popular new models of automobiles 
may have waiting lists that extend for 
months. Similarly, manufacturers in a 
number of industries operate with 
backlogs in booms and allocate ship- 
ments when they obviously could raise 
prices and reduce the queue. [p. 170] 


Okun explained these observations by the 
hostile reaction of customers to price in- 
creases that are not justified by increased 
costs and are therefore viewed as unfair. He 
also noted that customers appear willing to 
accept “fair” price increases even when de- 
mand is slack, and commented that “...in 
practice, observed pricing behavior is a vast 
distance from do it yourself auctioneering” 
(p. 170). 

The argument used by these authors to 
account for apparent deviations from the 
simple model of a profit-maximizing firm is 
that fair behavior is instrumental to the max- 
imization of long-run profits. In Okun’s 
model, customers who suspect that a sup- 
plier treats them unfairly are likely to start 
searching for alternatives; Akerlof (1980, 
1982) suggested that firms invest in their 
reputation to produce goodwill among their 
customers and high morale among their em- 
ployees; and Arrow argued that trusted sup- 
pliers may be able to operate in markets that 
are otherwise devastated by the lemons 
problem (Akerlof, 1970; Kenneth Arrow, 
1973). In these approaches, the rules of fair- 
ness define the terms of an enforceable im- 
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plicit contract: Firms that behave unfairly 
are punished in the long run. A more radical 
assumption is that some firms apply fair 
policies even in situations that preclude en- 
forcement—this is the view of the lay public, 
as shown in a later section of this paper. 

If considerations of fairness do restrict the 
actions of profit-seeking firms, economic 
models might be enriched by a more detailed 
analysis of this constraint. Specifically, the 
rules that govern public perceptions of fair- 
ness should identify situations in which some 
firms will fail to exploit apparent opportuni- 
ties to increase their profits. Near-rationality 
theory (Akerlof and Janet Yellen, 1985) sug- 
gests that such failures to maximize by a 
significant number of firms in a market can 
have large aggregate effects even in the pres- 
ence of other firms that seek to take ad- 
vantage of all available opportunities. Rules 
of fairness can also have significant eco- 
nomic effects through the medium of regu- 
lation. Indeed, Edward Zajac (forthcoming) 
has inferred general rules of fairness from 
public reactions to the behavior of regulated 
utilities. 

The present research uses household sur- 
veys of public opinions to infer rules of 
fairness for conduct in the market from 
evaluations of particular actions by hypo- 
thetical firms.! The study has two main ob- 
jectives: (i) to identify community standards 
of fairness that apply to price, rent, and 
wage setting by firms in varied circum- 
stances; and (ii) to consider the possible 
implications of the rules of fairness for 
market outcomes. 

The study was concerned with scenarios in 
which a firm (merchant, landlord, or em- 
ployer) makes a pricing or wage-setting de- 
cision that affects the outcomes of one or 
more fransactors (customers, tenants, or em- 


'Data were collected between May 1984 and July 
1985 in telephone surveys of randomly selected resi- 
dents of two Canadian metropolitan areas: Toronto and 
Vancouver. Equal numbers of adult female and male 
respondents were interviewed for about ten minutes in 
calls made during evening hours. No more than five 
questions concerned with fairness were included in any 
interview, and contrasting questions that were to be 
compared were never put to the same respondents. 
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ployees). The scenario was read to the par- 
ticipants, who evaluated the fairness of the 
action as in the following example: 


Question 1. A hardware store has been sell- 

ing snow shovels for $15. The morning after 

a large snowstorm, the store raises the price 
to $20. Please rate this action as: 

Completely Fair Acceptable 

Unfair Very Unfair 


The two favorable and the two unfavor- 
able categories are grouped in this report to 
indicate the proportions of respondents who 
judged the action acceptable or unfair. In 
this example, 82 percent of respondents (N 
= 107) considered it unfair for the hardware 
store to take advantage of the short-run in- 
crease in demand associated with a blizzard. 

The approach of the present study is purely 
descriptive. Normative status is not claimed 
for the generalizations that are described as 
“rules of fairness,” and the phrase “it is 
fair” is simply an abbreviation for “a sub- 
stantial majority of the population studied 
thinks it fair.” The paper considers in turn 
three determinants of fairness judgments: 
the reference transaction, the outcomes to 
the firm and to the transactors, and the 
occasion for the action of the firm. The final 
sections are concerned with the enforcement 
of fairness and with economic phenomena 
that the rules of fairness may help explain. 


J. Reference Transactions 


A central concept in analyzing the fairness 
of actions in which a firm sets the terms of 
future exchanges is the reference transaction, 
a relevant precedent that is characterized by 
a reference price or wage, and by a positive 
reference profit to the firm. The treatment is 
restricted to cases in which the fairness of 
the reference transaction is not itself in 
question. 

The main findings of this research can be 
summarized by a principle of dual entitle- 
ment, which governs community standards 
of fairness: Transactors have an entitlement 
to the terms of the reference transaction and 
firms are entitled to their reference profit. A 
firm is not allowed to increase its profits by 
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arbitrarily violating the entitlement of its 
transactors to the reference price, rent or 
wage (Max Bazerman, 1985; Zajac, forth- 
coming). When the reference profit of a firm 
is threatened, however, it may set new terms 
that protect its profit at transactors’ expense. 

Market prices, posted prices, and the his- 
tory of previous transactions between a firm 
and a transactor can serve as reference trans- 
actions. When there is a history of similar 
transactions between firm and transactor, the 
most recent price, wage, or rent will be 
adopted for reference unless the terms of the 
previous transaction were explicitly tem- 
porary. For new transactions, prevailing 
competitive prices or wages provide the nat- 
ural reference. The role of prior history in 
wage transactions is illustrated by the fol- 
lowing pair of questions: 


Question 2A. A small photocopying shop 
has one employee who has worked in the 
shop for six months and earns $9 per hour. 
Business continues to be satisfactory, but a 
factory in the area has closed and unemploy- 
ment has increased. Other small shops have 
now hired reliable workers at $7 an hour to 
perform jobs similar to those done by the 
photocopy shop employee. The owner of the 
photocopying shop reduces the employee’s 
wage to $7. 

(N=98) Acceptable17% Unfair 83% 
Question 2B. A small photocopying shop has 
one employee...f[as in Question 2A]...The 
current employee leaves, and the owner de- 
cides to pay a replacement $7 an hour. 

(N =125) Acceptable 73% . Unfair 27% 


The current wage of an employee serves as 
reference for evaluating the fairness of fu- 
ture adjustments of that employee’s wage— 
but not necessarily for evaluating the fair- 
ness of the wage paid to a replacement. The 
new worker does not have an entitlement to 
the former worker’s wage rate. As the follow- 
ing question shows, the entitlement of an 
employee to a reference wage does not carry 
over to a new labor transaction, even with 
the same employer: 


Question 3. A house painter employs two 
assistants and pays them $9 per hour. The 
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painter decides to quit house painting and 
go into the business of providing landscape 
services, where the going wage is lower. He 
reduces the workers’ wages to $7 per’ hour 
for the landscaping work. 
(N=94) Acceptable 63% Unfair 37% 

Note that the same reduction in wages 
that is judged acceptable by most respon- 
dents in Question 3 was judged unfair by 83 
percent of the respondents to Question 2A. 

Parallel results were obtained in questions 
concerning residential tenancy. As in the 
case of wages, many respondents apply dif- 
ferent rules to a new tenant and to a tenant 
renewing a lease. A rent increase that is 
judged fair for a new lease may be unfair for 
a renewal. However, the circumstances un- 
der which the rules of fairness require land- 
lords to bear such opportunity costs are nar- 
rowly defined. Few respondents consider it 
unfair for the landlord to sell the accom- 
modation to another landlord who intends 
to raise the rents of sitting tenants, and even 
fewer believe that a landlord should make 
price concessions in selling an accommoda- 
tion to its occupant. 

The relevant reference transaction is not 
always unique. Disagreements about fairness 
are most likely to arise when alternative 
reference transactions can be invoked, each 
leading to a different assessment of the par- 
ticipants’ outcomes. Agreement on general 
principles of fairness therefore does not pre- 
clude disputes about specific cases (see al- 


‘so Zajac, forthcoming). ‘When competitors 


change their price or wage, for example, the 
current terms set by the firm and the new 
terms set by competitors define alternative 
reference transactions. Some people will 
consider it unfair for a firm not to raise its 
wages when competitors are increasing theirs. 
On the other hand, price increases that are 
not justified by increasing costs are judged 
less objectionable when competitors have led 
the way. 

It should perhaps be emphasized that the 
reference transaction provides a basis for 
fairness judgments because it is normal, not 
necessarily because it is just. Psychological 
studies of adaptation suggest that any stable 
state of affairs tends to become accepted 
eventually, at least in the sense that alterna- 
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tives to it no longer readily come to mind. 
Terms of exchange that are initially seen as 
unfair may in time acquire the status of a 
reference transaction. Thus, the gap between 
the behavior that people consider fair and 
the behavior that they expect in the market- 
place tends to be rather small. This was 
confirmed in several scenarios, where differ- 
ent samples of respondents answered the 
two questions: “ What does fairness require?” 
and “What do you think the firm would 
do?” The similarity of the answers suggests 
that people expect a substantial level of con- 
formity to community standards—and also 
that they adapt their views of fairness to the 
norms of actual behavior. 


H. The Coding of Outcomes 


It is a commonplace that the fairness of an 
action depends in large part on the signs of 
its outcomes for the agent and for the indi- 
viduals affected by it. The cardinal rule of 
fair behavior is surely that one person should 
not achieve a gain by simply imposing an 
equivalent loss on another. 

In the present framework, the outcomes to 
the firm and to its transactors are defined as 
gains and losses in relation to the reference 
transaction. The transactor’s outcome is sim- 
ply the difference between the new terms set 
by the firm and the reference price, rent, or 
wage. The outcome to the firm is evaluated 
with respect to the reference profit, and in- 
corporates the effect of exogenous shocks 
(for example, changes in wholesale prices) 
which alter the profit of the firm on a trans- 
action at the reference terms. According to 
these definitions, the outcomes in the snow 
shovel example of Question 1 were a $5 gain 
to the firm and a $5 loss to the representa- 
tive customer. However, had the same price 
increase been induced by a $5 increase in the 
wholesale price of snow shovels, the outcome 
to the firm would have been nil. 

The issue of how to define relevant out- 
comes takes a similar form in studies of 
individuals’ preferences and of judgments of 
fairness. In both domains, a descriptive anal- 
ysis of people’s judgments and choices in- 
volves rules of naive accounting that diverge 
in major ways from the standards of ratio- 
nality assumed in economic analysis. People 
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commonly evaluate outcomes as gains or 
losses relative to a neutral reference point 
rather than as endstates (Kahneman and 
Amos Tversky, 1979). In violation of norma- 
tive standards, they are more sensitive to 
out-of-pocket costs than to opportunity costs 
and more sensitive to losses than to foregone 
gains (Kahneman and Tversky, 1984; Thaler, 
1980). These characteristics of evaluation 
make preferences vulnerable to framing ef- 
fects, in which inconsequential variations in 
the presentation of a choice problem affect 
the decision (Tversky and Kahneman, 1986). 

The entitlements of firms and transactors 
induce similar asymmetries between gains 
and losses in fairness judgments. An action 
by a firm is more likely to be judged unfair if 
it causes a loss to its transactor than if it 
cancels or reduces a possible gain. Similarly, 
an action by a firm is more likely to be 
judged unfair if it achieves a gain to the firm 
than if it averts a loss. Different standards 
are applied to actions that are elicited by 
the threat of losses or by an opportunity 
to improve on a positive reference profit 
—a psychologically important distinction 
which is usually not represented in economic 
analysis. 

Judgments of fairness are also susceptible 
to framing effects, in which form appears to 
overwhelm substance. One of these framing 
effects will be recognized as the money illu- 
sion, illustrated in the following questions: 


Question 4A. A company is making a small 
profit. It is located in a community experi- 
encing a recession with substantial unem- 
ployment but no inflation. There are many 
workers anxious to work at the company. 
The company decides to decrease wages and 
salaries 7% this year. 
(N=125) Acceptable 38% Unfair 62% 
Question 4B....with substantial unemploy- 
ment and inflation of 12%...The company 
decides to increase salaries only 5% this year. 
(N=129) Acceptable 78% Unfair 22% 


Although the real income change is ap- 
proximately the same in the two problems, 
the judgments of fairness are strikingly dif- 
ferent. A wage cut is coded as a loss and 
consequently judged unfair. A nominal raise 
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which does not compensate for inflation is 
more acceptable because it is coded as a gain 
to the employee, relative to the reference 
wage. 

Analyses of individual choice suggest that 
the disutility associated with an outcome 
that is coded as a loss may be greater than 
the disutility of the same objective outcome 
when coded as the elimination of a gain. 
Thus, there may be less resistance to the 
cancellation of a discount or bonus than to 
an equivalent price increase or wage cut. As 
illustrated by the following questions, the 
same rule applies as well to fairness judg- 
ments. 


Question 5A. A shortage has developed for a 
popular model of automobile, and customers 
must now wait two months for delivery. A 
dealer has been selling these cars at list 
price. Now the dealer prices this model at 
$200 above list price. 

(N =130) Acceptable 29% Unfair 71% 
Question 5B....A dealer has been selling 
these cars at a discount of $200 below list 
price. Now the dealer sells this model only at 
list price. 

(N=123) Acceptable 58% Unfair 42% 


The significant difference between the re- 
sponses to Questions 5A and 5B (chi- 
squared = 20.91) indicates that the $200 price 
increase is not treated identically in the two 
problems. In Question 5A the increase is 
clearly coded as a loss relative to the unam- 
biguous reference provided by the list price. 
In Question 5B the reference price is 
ambiguous, and the change can be coded 
either as a loss (if the reference price is the 
discounted price), or as the elimination of a 
gain (if the reference price is the list price). 
The relative leniency of judgments in Ques- 
tion 5B suggests that at least some respon- 
dents adopted the latter frame. The follow- 
ing questions illustrate the same effect in the 
case of wages: 


Question 6A. A small company employs 
several people. The workers’ incomes have 
been about average for the community. In 
recent months, business for the company has 
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not increased as it had before. The owners 
reduce the workers’ wages by 10 percent for 
the next year. 

(N=100) Acceptable 39% Unfair 61% 


Question 6B. A small company employs 
several people. The workers have been re- 
ceiving a 10 percent annual bonus each year 
and their total incomes have been about 
average for the community. In recent months, 
business for the company has not increased 
as it had before. The owners eliminate the 
workers’ bonus for the year. 

(N=98) Acceptable 80% Unfair 20% 
II. Occasions for Pricing Decisions 


This section examines the rules of fairness 
that apply to three classes of occasions in 
which a firm may reconsider the terms that it 
sets for exchanges. (i) Profit reductions, for 
example, by rising costs or decreased de- 
mand for the product of the firm. (ii) Profit 
increases, for example, by efficiency gains or 
reduced costs. (iii) Increases in market power, 
for example, by temporary excess demand 
for goods, accommodations or jobs. 


A. Protecting Profit 


A random sample of adults contains many 
more customers, tenants, and employees than 
merchants, landlords, or employers. Never- 
theless, most participants in the surveys 
clearly consider the firm to be entitled to its 
reference profit: They would allow a firm 
threatened by a reduction of its profit below 
a positive reference level to pass on the 
entire loss to its transactors, without com- 
promising or sharing the pain. By large 
majorities, respondents endorsed the fairness 
of passing on increases in wholesale costs, in 
operating costs, and in the costs associated 


with a rental accommodation. The following 


two questions illustrate the range of situa- 
tions to which this rule was found to apply. 


Question 7. Suppose that, due to a transpor- 
tation mixup, there is a local shortage of 
lettuce and the wholesale price has in- 
creased. A local grocer has bought the usual 
quantity of lettuce at a price that is 30 cents 
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per head higher than normal. The grocer 
raises the price of lettuce to customers by 30 
cents per head. 

(N=101) Acceptable 79% Unfair 21% 
Question 8. A landlord owns and rents out a 
single small house to a tenant who is living 
on a fixed income. A higher rent would 
mean the tenant would have to move. Other 
small rental houses are available. The land- 
lord’s costs have increased substantially over 
the past year and the landlord raises the rent 
to cover the cost increases when the tenant’s 
lease is due for renewal. 

(N=151) Acceptable 75% Unfair 25% 


The answers to the last question, in par- 
ticular, indicate that it is acceptable for firms 
to protect themselves from losses even when 
their transactors suffer substantial incon- 
venience as a result. The rules of fairness 
that yield such judgments do not correspond 
to norms of charity and do not reflect dis- 
tributional concerns. 

The attitude that permits the firm to pro- 
tect a positive reference profit at the transac- 
tors’ expense applies to employers as well as 
to merchants and landlords. When the profit 
of the employer in the labor transaction falls 
below the reference level, reductions of even 
nominal wages become acceptable. The next 
questions illustrate the strong effect of this 
variable. 


Question 9A. A small company employs 
several workers and has been paying them 
average wages. There is severe unemploy- 
ment in the area and the company could 
easily replace its current employees with good 
workers at a lower wage. The company has 
been making money. The owners reduce the 
current workers’ wages by 5 percent. 
(N=195) Acceptable 23% Unfair 77% 


Question 9B. ...The company has been los- 
ing money. The owners reduce the current 
workers’ wages by 5 percent. 

(N=195) Acceptable 68% Unfair 32% 


The effect of firm profitability was studied 
in greater detail in the context of a scenario 
in which Mr. Green, a gardener who em- 
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ploys two workers at $7 an hour, learns that 


other equally competent workers are willing 


to do the same work for $6 an hour. Some 
respondents were told that Mr. Green’s busi- 
ness was doing well, others were told that it 
was doing poorly. The questions, presented 
in open format, required respondents to state 
“what is fair for Mr. Green to do in this 
situation,” or “what is your best guess about 
what Mr. Green would do... .” The informa- 
tion about the current state of the business 
had a large effect. Replacing the employees 
or bargaining with them to achieve a lower 
wage was mentioned as fair by 67 percent of 
respondents when business was said to be 
poor, but only by 25 percent of respondents 
when business was good. The proportion 
guessing that Mr. Green would try to reduce 
his labor costs was 75 percent when he was 
said to be doing poorly, and 49 percent 
when he was said to be doing well. The 
differences were statistically reliable in both 
cases. 

A firm is only allowed to protect itself at 
the transactor’s expense against losses that 
pertain directly to the transaction at hand. 
Thus, it is unfair for a landlord to raise the 
rent on an accommodation to make up for 
the loss of another source of income. On the 
other hand, 62 percent of the respondents 
considered it acceptable for a landlord to 
charge a higher rent for apartments in one of 
two otherwise identical buildings, because a 
more costly foundation had been required in 
the construction of that building. 

The assignment of costs to specific goods 
explains why it is generally unfair to raise 
the price of old stock when the price of new 
stock increases: 


Question 10. A grocery store has several 
months supply of peanut butter in stock 
which it has on the shelves and in the 
storeroom. The owner hears that the whole- 
sale price of peanut butter has increased and 
immediately raises the price on the current 
stock of peanut butter. 

(N =147) Acceptable 21% Unfair 79% 

The principles of naive accounting ap- 
parently include a FIFO method of inven- 
tory cost allocation. l 
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B. The Allocation of Gains 


The data of the preceding section could be 
interpreted as evidence for a cost-plus rule 
of fair pricing, in which the supplier is ex- 
pected to act as a broker in passing on 
marked-up costs (Okun). A critical test of 
this possible rule arises when the supplier’s 
costs diminish: A strict cost-plus rule would 
require prices to come down accordingly. In 
contrast, a dual-entitlement view suggests 
that the firm is only prohibited from increas- 
ing its profit by causing a loss to its transac- 
tors. Increasing profits by retaining cost re- 
ductions does not violate the transactors’ 
entitlement and may therefore be acceptable. 

The results of our previous study (1986) 
indicated that community standards of fair- 
ness do not in fact restrict firms to the 
reference profit when their costs diminish, as 
a cost-plus rule would require. The questions 
used in these surveys presented a scenario of 
a monopolist supplier of a particular kind of 
table, who faces a $20 reduction of costs on 
tables that have been selling for $150. The 
respondents were asked to indicate whether 
“fairness requires” the supplier to lower the 
price, and if so, by how much. About one-half 
of the survey respondents felt that it was 
acceptable for the supplier to retain the en- 
tire benefit, and less than one-third would 
require the supplier to reduce the price by 
$20, as a cost-plus rule dictates. Further, and 
somewhat surprisingly, judgments of fairness 
did not reliably discriminate between pri- 
mary producers and middlemen, or between 
savings due to lower input prices and to 
improved efficiency. 

The conclusion that the rules of fairness 
permit the seller to keep part or all of any 
cost reduction was confirmed with the sim- 
pler method employed in the present study. 


Question 11A. A small factory produces ta- 
bles and sells all that it can make at $200 
each. Because of changes in the price of 
materials, the cost of making each table has 
recently decreased by $40. The factory re- 
duces its price for the tables by $20. 
(N=102) Acceptable 79% Unfair 21% 


Question 11B....the cost of making each 
table has recently decreased by $20. The 
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factory does not change its price for the 
tables. 
(N=100) Acceptable 53% Unfair 47% 
The even division of opinions on Question 
11B confirms the observations of the previ- 
ous study. In conjunction with the results of 
the previous section, the findings support a 
dual-entitlement view: the rules of fairness 
permit a firm not to share in the losses that 
it imposes on its transactors, without impos- 
ing on it an unequivocal duty to share its 
gains with them. 


C. Exploitation of Increased Market Power 


The market power of a firm reflects the 
advantage to the transactor of the exchange 
which the firm offers, compared to the trans- 
actor’s second-best alternative. For example, 
a blizzard increases the surplus associated 
with the purchase of a snow shovel at the 
regular price, compared to the alternatives of 
buying elsewhere or doing without a shovel. 
The respondents consider it unfair for the 
hardware store to capture any part of the 
increased surplus, because such an action 
would violate the customer’s entitlement to 
the reference price. Similarly, it is unfair for 
a firm to exploit an excess in the supply of 
labor to cut wages (Question 2A), because 
this would violate the entitlement of em- 
ployees to their reference wage. 

As shown by the following routine exam- 
ple, the opposition to exploitation of short- 
ages is not restricted to such extreme cir- 
cumstances: 


Question 12. A severe shortage of Red Deli- 
cious apples has developed in a community 
and none of the grocery stores or produce 
markets have any of this type of apple on 
their shelves. Other varieties of apples are 
plentiful in all of the stores. One grocer 
receives a single shipment of Red Delicious 
apples at the regular wholesale cost and raises 
the retail price of these Red Delicious apples 
by 25% over the regular price. 
(N=102) Acceptable 37% Unfair 63% 
Raising prices in response to a shortage is 
unfair even when close substitutes are read- 
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ily available. A similar aversion to price ra- 
tioning held as well for luxury items. For 
2xample, a majority of respondents thought 
it unfair for a popular restaurant to impose a 


$5 surcharge for Saturday night reservations. . 


Conventional economic analyses assume 
as a matter of course that excess demand for 
a good creates an opportunity for suppliers 
to raise prices, and that such increases will 
ndeed occur. The profit-seeking adjustments 
that clear the market are in this view as 


jatural as water finding its level—and as- 
sthicaily neutral. The lay public does not . 


share this indifference. Community stan- 
dards of fairness effectively require the firm 
to absorb an opportunity cost in the pres- 
znce of excess demand, by charging less than 
the clearing price or paying more than the 
clearing wage. i 

As might be expected from this analysis, it 
is unfair for a firm to take advantage of an 
increase in its monopoly power. Respon- 
dents were nearly unanimous in condemning 
a store that raises prices when its sole com- 
etitor in a community is temporarily forced 
‘o close. As shown in the next question, even 
a rather mild exploitation of monopoly power 
s considered unfair. 


Question 13: A grocery chain has stores in 
many communities. Most of them face com- 
detition frorn other groceries. In one com- 
nunity the chain has no competition. Al- 
‘hough its costs and volume of sales are the 
same there as elsewhere, the chain sets prices 
hat average 5 percent higher than in other 
sommunities. i 

(N=101) Acceptable 24% Unfair 76% 

Responses to this and two additional ver- 
sions of this question specifying average’ price 
ncreases of 10 and 15 percent did not differ 
significantly. The respondents clearly viewed 
such pricing practices as unfair, but were 
nsensitive to the extent of the unwarranted 
ncrease. 

A monopolist might attempt to increase 
osrofits by charging different customers as 
nuch as they are willing to pay. In conven- 
ional theory, the constraints that prevent a 
nonopolist from using perfect price dis- 
wimination to capture all the consumers’ 
surplus are asymmetric information and 
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difficulties in preventing resale. The survey 
results suggest the addition of a further re- 
straint: some forms of price discrimination 
are outrageous. 


Question 14. A landlord rents out a small 
house. When the lease is due for renewal, the 
landlord learns that the tenant has taken a 
job very close to the house and is therefore 
unlikely to move. The landlord raises the 
rent $40 per month more than he was plan- 
ning to do. 

(N=157) Acceptable 9% Unfair 91% 


The near unanimity of responses to this 
and similar questions indicates that an ac- 
tion that deliberately exploits the special 
dependence of a particular individual is ex- 
ceptionally offensive. 

The introduction of an explicit auction to 
allocate scarce goods or jobs would also 
enable the firm to gain at the expense of its 
transactors, and is consequently judged un- 
fair. 


Question 15. A store has been sold out of the 
popular Cabbage Patch dolls for a month. A 
week before Christmas a single doll is dis- 
covered in a storeroom. The managers know 
that many customers would like to buy the 
doll. They announce over the store’s public 
address system that the doll will be sold by 
auction to the customer who offers to pay 
the most. 

(N=101) Acceptable 26% Unfair 74% 
Question 16. A business in a community 
with high. unemployment needs to hire a new 
computer operator. Four candidates are 
judged to be completely qualified for the job. 
The manager asks the candidates to state the 
lowest salary they would be willing to accept, 
and then hires the one who demands the 
lowest salary. 

(N=154) Acceptable 36% Unfair 64% 


The auction is opposed in both cases, pre- 
sumably because the competition among 
potential buyers or employees benefits the 
firm. The opposition can in some cases be 
mitigated by eliminating this benefit. For 
example, a sentence added to Question 15, 
indicating that “the proceeds will go to 


736 THE AMERICAN ECONOMIC REVIEW 


UNICEF” reduced the negative judgments 
of the doll auction from 74 to 21 percent. 

The strong aversion to price rationing in 
these examples clearly does not extend to all 
uses of auctions. The individual who sells 
securities at twice the price paid for them a 
month ago is an object of admiration and 
envy—and is certainly not thought to be 
gouging. Why is it fair to sell a painting or a 
house at the market-clearing price, but not 
an apple, dinner reservation, job, or football 
game ticket? The rule of acceptability ap- 
pears to be this: Goods for which an active 
resale market exists, and especially goods 
that serve as a store of value, can be sold 
freely by auction or other mechanisms allow- 
ing the seller to capture the maximum price. 
When resale is a realistic possibility, which is 
not the case for most consumer goods, the 
potential resale price reflects the higher value 
of the asset and the purchaser is therefore 
not perceived as sustaining a loss. 


IV. Enforcement 


Several considerations may deter a firm 
from violating community standards of fair- 
ness. First, a history or reputation of unfair 
dealing may induce potential transactors to 
take their business elsewhere, because of the 
element of trust that is present in many 
transactions. Second, transactors may avoid 
exchanges with offending firms at some cost 
to themselves, even when trust is not an 
issue. Finally, the individuals who make de- 
cisions on behalf of firms may have a prefer- 
ence for acting fairly. The role of reputation 
effects is widely recognized. This section pre- 
sents some indications that a willingness to 
resist and to punish unfairness and an intrin- 
sic motivation to be fair could also contrib- 
ute to fair behavior in the marketplace. 

A willingness to pay to resist and to punish 
unfairness has been demonstrated in incen- 
tive compatible laboratory experiments. In 
the ultimatum game devised by Werner Guth, 
Rolf Schmittberger, and Bernd Schwarze 
(1982), the participants are designated as 
allocators or recipients. Each allocator anon- 
ymously proposes a division of a fixed 
amount of money between himself (herself) 
and a recipient. The recipient either accepts 
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the offer or rejects it, in which case both 
players get nothing. The standard game the- 
oretic solution is for the allocator to make 
a token offer and for the recipient to accept 
it, but Guth et al. observed that many allo- 
cators offer an equal division and that re- 
cipients sometimes turn down positive of- 
fers. In our more detailed study of resistance 
to unfairness (1986), recipients were asked 
to indicate in advance how they wished to 
respond to a range of possible allocations: 
A majority of participants were willing to 


_ forsake $2 rather than accept an unfair allo- 


cation of $10. 

Willingness to punish unfair actors was 
observed in another experiment, in which 
subjects were given the opportunity to share 
a sum of money evenly with one of two 
anonymous strangers, identified only by the 
allocation they had proposed to someone 
else in a previous round. About three- 
quarters of the undergraduate participants in 
this experiment elected to share $10 evenly 
with a stranger who had been fair to some- 
one else, when the alternative was to share 
$12 evenly with an unfair allocator (see our 
other paper). 

A willingness to punish unfairness was 
also expressed in the telephone surveys. For 
example, 68 percent of respondents said they 
would switch their patronage to a drugstore 
five minutes further away if the one closer to 
them raised its prices when a competitor was 
temporarily forced to close; and, in a sep- 
arate sample, 69 percent indicated they 
would switch if the more convenient store 
discriminated against its older workers. 

The costs of enforcing fairness are small 
in these examples—but effective enforce- 
ment in the marketplace can often be 
achieved at little cost to transactors. Retailers 
will have a substantial incentive to behave 
fairly if a large number of customers are 
prepared to drive an extra five minutes to 
avoid doing business with an unfair firm. 
The threat of future punishment when com- 
petitors enter may also deter a temporary 
monopolist from fully exploiting short-term 
profit opportunities. 

In traditional economic theory, compli- 
ance with contracts depends on enforcement. 
It is a mild embarrassment to the standard 
model that experimental studies often pro- 
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duce fair behavior even in the absence of 
enforcement (Elizabeth Hoffman and Mat- 
thew Spitzer, 1982, 1985; our paper, 1986; 
Arvin Roth, Michael Malouf, and J. Keith 
Murninghan, 1981; Reinhard Selten, 1978). 
These observations, however, merely confirm 
common sense views of human behavior. 
Survey results indicate a belief that unen- 
forced compliance to the rules of fairness is 
common. This belief was examined in two 
contexts: tipping in restaurants and sharp 
practice in automobile repairs. 


Question 17A. If the service is satisfactory, 
how much of a tip do you think most people 
leave after ordering a meal costing $10 in a 
restaurant that they visit frequently? 

(N =122) Mean response = $1.28 


Question 17B. ...in a restaurant on a trip to 
another city that they do not expect to visit 
again? 

(N =124) Mean response = $1.27 


The respondents evidently do not treat the 
possibility of enforcement as a significant 
factor in the control of tipping. Their opin- 
ion is consistent with the widely observed 
adherence to a 15 percent tipping rule even 
by one-time customers who pay and tip by 
credit card, and have little reason to fear 
embarrassing retaliation by an irate server. 

The common belief that tipping is con- 
trolled by intrinsic motivation can be accom- 
modated with a standard microeconomic 
model by extending the utility function of 
individuals to include guilt and self-esteem. 
A more difficult question is whether firms, 
which the theory assumes to maximize prof- 
its, also fail to exploit some economic op- 
portunities because of unenforced compli- 
ance with rules of fairness. The following 
questions elicited expectations about the 
behavior of a garage mechanic dealing with 
a regular customer or with a tourist. 


Question 18A. [A man leaves his car with the 
mechanic at his regular / A tourist leaves his 
car at a] service station with instructions to 
replace an expensive part. After the [custo- 
mer/tourist] leaves, the mechanic examines 
the car and discovers that it is not necessary 
to replace the part; it can be repaired cheaply. 
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The mechanic would make much more 
money by replacing the part than by repair- 
ing it. Assuming the [customer/tourist] can- 
not be reached, what do you think the mech- 
anic would do in this situation? 
Make more money by replacing the part 
customer: 60% tourist: 63% 
Save the customer money by repairing the 
part 
customer: 40% tourist: 37% 
Question 18B. Of ten mechanics dealing with 
a [regular customer/tourist], how many 
would you expect to save the customer mon- 
ey by repairing the part? 
Mean response 
customer: 3.62 tourist: 3.72 


The respondents do not approach garages 
with wide-eyed naive faith. It is therefore all 
the more noteworthy that they expect a 
tourist and a regular customer to be treated 
alike, in spite of the obvious difference be- 
tween the two cases in the potential for any 
kind of enforcement, including reputation 
effects.” 

Here again, there is no evidence that the 
public considers enforcement a significant 
factor. The respondents believe that most 
mechanics (usually excluding their own) 
would be less than saintly in this situation. 
However, they also appear to believe that 
the substantial minority of mechanics who 
would treat their customers fairly are not 
motivated in each case by the anticipation of 
sanctions. 


V. Economic Consequences 


The findings of this study suggest that 
many actions that are both profitable in the 
short run and not obviously dishonest are 
likely to be perceived as unfair exploitations 
of market power.’ Such perceptions can have 


2 Other respondents were asked to assess the prob- 
able behavior of their own garage under similar cir- 
cumstances: 88 percent expressed a belief that their 
garage would act fairly toward a regular customer, and 
86 percent stated that their garage would treat a tourist 
and a regular customer similarly. 

3This conclusion probably holds in social and cul- 
tural groups other than the Canadian urban samples 
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significant consequences if they find expres- 
sion in legislation or regulation (Zajac, 1978; 
forthcoming). Further, even in the absence 
of government intervention, the actions of 
firms that wish to avoid a reputation for 
unfairness will depart in significant ways 
from the standard model of economic behav- 
ior. The survey results suggest four proposi- 
tions about the effects of fairness considera- 
tions on the behavior of firms in customer 
markets, and a parallel set of hypotheses 
about labor markets. 


A. Fairness in Customer Markets 


PROPOSITION 1: When excess demand in 
a customer market is unaccompanied by in- 
creases in suppliers’ costs, the market will fail 
to clear in the short run. 


Evidence supporting this proposition was 
described by Phillip Cagan (1979), who con- 
cluded from a review of the behavior of 
prices that, “Empirical studies have long 
found that short-run shifts in demand have 
small and often insignificant effects [on 
prices]” (p. 18). Other consistent evidence 
comes from studies of disasters, where prices 
are often maintained at their reference levels 
although supplies are short (Douglas Dacy 
and Howard Kunreuther, 1969). 

A particularly well-documented illustra- 
tion of the behavior predicted in proposition 
1 is provided by Alan Olmstead and Paul 
Rhode (1985). During the spring and summer 
of 1920 there was a severe gasoline shortage 
in the U.S. West Coast where Standard Oil 
of California (SOCal) was the dominant sup- 
plier. There were no government-imposed 
price controls, nor was there any threat of 
such controls, yet SOCal reacted by impos- 
ing allocation and rationing schemes while 
maintaining prices. Prices were actually 
higher in the East in the absence of any 
shortage. Significantly, Olmstead and Rhode 
note that the eastern firms had to purchase 
crude at higher prices while SOCal, being 


studied here, although the detailed rules of fairness for 
economic transactions may vary. 
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vertically integrated, had no such excuse for 
raising price. They conclude from confiden- 
tial SOCal documents that SOCal officers 
“were clearly concerned with their pub- 
lic image and tried to maintain the appear- 
ance of being ‘fair’” (p. 1053). 


PROPOSITION 2: When a single supplier 
provides a family of goods for which there 
is differential demand without corresponding 
variation of input costs, shortages of the most 
valued items will occur. 


There is considerable support for this 
proposition in the pricing of sport and enter- 
tainment events, which are characterized by 
marked variation of demand for goods or 
services for which costs are about the same 
(Thaler, 1985). The survey responses suggest 
that charging the market-clearing price for 
the most popular goods would be judged 
unfair. 

Proposition 2 applies to cases such as those 
of resort hotels that have in-season and out- 
of-season rates which correspond to predict- 
able variations of demand. To the extent 
that constraints of fairness are operating, the 
price adjustments should be insufficient, with 
excess demand at the peak. Because naive 
accounting does not properly distinguish be- 
tween marginal and average costs, customers 
and other observers are likely to adopt off- 
peak prices as a reference in evaluating the 
fairness of the price charged to peak cus- 
tomers. A revenue-maximizing (low) price in 
the off-season may suggest that the profits 
achievable at the peak are unfairly high. In 
spite of a substantial degree of within-season 
price variation in resort and ski hotels, it 
appears to be the rule that most of these 
establishments face excess demand during 
the peak weeks. One industry explanation is: 
“If you gouge them at Christmas, they won’t 
be back in March.” 


PROPOSITION 3: Price changes will be 
more responsive to variations of costs than to 
variations of demand, and more responsive to 
cost increases than to cost decreases. 


The high sensitivity of prices to short-run 
variations of costs is well documented 
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(Cagan). The idea of asymmetric price rigid- 
ity has a history of controversy (Timur 
Kuran, 1983; Solow; George Stigler and 
James Kindahl, 1970) and the issue is still 
unsettled. Changes of currency values offer a 
potential test of the hypothesis that cost 
increases tend to be passed on quickly and 
completely, whereas cost decreases can be 
retained at least in part. When the rate of 
exchange between two currencies changes 
after a prolonged period of stability, the 
prediction from Proposition 3 is that upward 
adjustments of import prices in one country 
will occur faster than the downward adjust- 
ments expected in the other. 


PROPOSITION 4: Price decreases will often 
take the form of discounts rather than reduc- 
tions in the list or posted price. 


This proposition is strongly supported by 
the data of Stigler and Kindahl. Casual 
observation confirms that temporary dis- 
counts are much more common than tem- 
porary surcharges. Discounts have the im- 
portant advantage that their subsequent 
cancellation will elicit less resistance than an 
increase in posted price. A temporary sur- 
charge is especially aversive because it does 
not have the prospect of becoming a refer- 
ence price, and can only be coded as a loss. 


B. Fairness in Labor Markets 


A consistent finding of this study is the 
similarity of the rules of fairness that apply 
to prices, rents, and wages. The correspon- 
dence extends to the economic predictions 
that may be derived for the behavior of 
wages in labor markets and of prices in 
customer markets. The first proposition 
about prices asserted that resistance to the 
exploitation of short-term fluctuations of de- 
mand could prevent markets from clearing. 
The corresponding prediction for labor mar- 
kets is that wages will be relatively insensi- 
tive to excess supply. 

The existence of wage stickiness is not in 
doubt, and numerous explanations have been 
offered for it. An entitlement model of this 
effect invokes an implicit contract between 
the worker and the firm. Like other implicit 
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contract theories, such a model predicts that 
wage changes in a firm will be more sensitive 
to recent firm profits than to local labor 
market conditions. However, unlike the im- 
plicit contract theories that emphasize risk 
shifting (Costas Azariadis, 1975; Martin 
Baily, 1974; Donald Gordon, 1974), ex- 
planations in terms of fairness (Akerlof, 
1979, 1982; Okun; Solow) lead to predic- 
tions of wage stickiness even in occupations 
that offer no prospects for long-term em- 
ployment and therefore provide little protec- 
tion from risk. Okun noted that “Casual 
empiricism about the casual labor market 
suggests that the Keynesian wage floor 
nonetheless operates; the pay of car washers 
or stock clerks is seldom cut in a recession, 
even when it is well above any statutory 
minimum wage” (1981, p. 82), and he 
concluded that the employment relation is 
governed by an “invisible handshake,” rather 
than by the invisible hand (p. 89). 

The dual-entitlement model differs from a 
Keynesian model of sticky wages, in which 
nominal wage changes are always nonnega- 
tive. The survey findings suggest that nomi- 
nal wage cuts by a firm that is losing money 
or threatened with bankruptcy do not violate 
community standards of fairness. This mod- 
ification of the sticky nominal wage dictum 
is related to Proposition 3 for customer 
markets. Just as they may raise prices to do 
so, firms may also cut wages to protect a 
positive reference profit. 

Proposition 2 for customer markets as- 
serted that the dispersion of prices for simi- 
lar goods that cost the same to produce but 
differ in demand will be insufficient to clear 
the market. An analogous case in the labor 
market involves positions that are similar in 
nominal duties but are occupied by individu- 
als who have different values in the employ- 
ment market. The prediction is that dif- 
ferences in income will be insufficient to 
eliminate the excess demand for the individ- 
uals considered most valuable, and the ex- 
cess supply of those considered most dis- 
pensable. This prediction applies both within 
and among occupations. 

Robert Frank (1985) found that the indi- 
viduals in a university who already are the 
most highly paid in each department are also 
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the most likely targets for raiding. Frank 
explains the observed behavior in terms of 
envy and status. An analysis of this phenom- 
enon in terms of fairness is the same as for 
the seasonal pricing of resort rooms: Just as 
prices that clear the market at peak demand 
will be perceived as gouging if the resort can 
also afford to operate at off-peak rates, a 
firm that can afford to pay its most valuable 
employees their market value may appear to 
grossly underpay their less-valued colleagues. 
A related prediction is that variations among 
departments will also be insufficient to clear 
the market. Although salaries are higher in 
academic departments that compete with the 
private sector than in others, the ratio of job 
openings to applicants is still lower in classics 
than in accounting. ` 

The present analysis also suggests that 
firms that frame a portion of their com- 
pensation package as bonuses or profit shar- 
ing will encounter relatively little resistance 
to reductions of compensation during slack 
periods. This is the equivalent of Proposition 
4. The relevant psychological principle is 
that losses are more aversive than objectively 
equivalent foregone gains. The same mecha- 
nism, combined with the money illusion, 
supports another prediction: Adjustments of 
real wages will be substantially greater in 
inflationary periods than in periods of stable 
prices, because the adjustments can then be 
achieved without making nominal cuts— 
which are always perceived as losses and are 
therefore strongly resisted. An unequal dis- 
tribution of gains is more likely to appear 
fair than a reallocation in which there are 
losers. 

This discussion has illustrated several ways 
in which the informal entitlements of cus- 
tomers or employees to the terms of refer- 
ence transactions could enter an economic 
analysis. In cases such as the pricing of 
resort facilities, the concern of customers for 
fair pricing may permanently prevent the 
market from clearing. In other situations, the 
reluctance of firms to impose terms that can 
be perceived as unfair acts as a friction-like 
factor. The process of reaching equilibrium 
can be slowed down if no firm wants to be 
seen as a leader in moving to exploit chang- 
ing market conditions. In some instances an 
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initially unfair practice (for example, charg- 
ing above list price for a popular car model) 
may spread slowly until it evolves into a new 
norm—and is no longer unfair. In all these 
cases, perceptions of transactors’ entitle- 
ments affect the substantive outcomes of ex- 
changes, altering or preventing the equilibria 
predicted by an analysis that omits fairness 
as a factor. In addition, considerations of 
fairness can affect the form rather than the 
substance of price or wage setting. Judg- 
ments of fairness are susceptible to substan- 
tial framing effects, and the present study 
gives reason to believe that firms have an 
incentive to frame the terms of exchanges so 
as to make them appear “fair.” 
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Measuring the Spillovers from Technical Advance: 
Mainframe Computers in Financial Services 


By TIMOTHY F. BRESNAHAN* 


Measuring the social gains from recent technological advances is difficult because 
there are no real output indexes for some important adopters. Measurement 
methods that infer the willingness to pay of the adopting industries from the 
derived demand curve for a new technology overcome this difficulty. The derived 
demand for high-speed computers for use in banks, finance, and insurance is 
shown to imply a very large social gain to computerization that was not captured 


by manufacturers of computers. 


An important component of the social 
benefits of technical advances is the spillover 
to the customers of the advancing sectors. 
Process innovations lower costs and there- 
fore prices, to the benefit of downstream 
sectors. New or improved products whose 
prices do not fully reflect their enhanced 
downstream value yield a similar spillover. 
Measurement of the quantitative importance 
of such spillovers! contributes to our under- 
standing of the role of technical advance in 
long-term economic growth,” and is central 
to the formation of public policies towards 
innovation.? As Zvi Griliches (1979) points 


*Assistant Professor of Economics, Stanford Univer- 
sity, Stanford, CA 94305. Research on this paper was 
supported by National Science Foundation grant IST- 
8507536 to the Stanford Center for Economic Policy 
Research. W. Edward Steinmuelier and two referees 
made extensive comments on an earlier draft. I am 
indebted to Paul David, John Pencavel, and Bronwyn 
Hall for many useful conversations, but remain respon- 
sible for any errors. 

‘Another kind of “spillover” is also discussed in the 
economics of technology—the external benefits of 
knowledge creation. When investment in new knowl- 
edge by one firm “spills over” to other firms, a positive 
externality arises within the advancing sector itself. For 
an attempt to quantify that other kind of spillovers, see 
Adam Jaffe (1984). 

?See Robert Fogel (1964) and Paul David (1975) for 
discussions of the economics of major innovations and 
for discussion of the importance of the railroads in 
nineteenth-century U.S. economic growth. 

3See Edwin Mansfield et al. (1977) for a discussion of 
the welfare economics of spillovers. They also measure 
the spillovers from a number of recent technological 
advances. 
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out, important postwar technological ad- 
vances, such as those in electronics and 
health, have largely benefited downstream 
sectors in which the spillovers are hard to 
measure. The downstream sectors—services, 
government, health care, etc.—lack sensible 
measures of real output, so that calculation 
of the impact of the new technology on 
productivity or cost is difficult. The goal of 
this paper is to devise methods for the mea- 
surement of spillovers which do not depend 
on the existence of real output indexes in the 
downstream sector. Instead, the value spilled 
over will be inferred from the demand curve 
of the downstream sector for the output of 
the advancing sector. 

If an mnovation serves only to lower the 
price of a consumption good, the resulting 
area under the demand curve for the good 
(adjusted for income effects) is a welfare 
index: calculating it yields the value of the 
spillover. In the more usual case of techno- 
logical progress in an intermediate goods 
industry, the welfare economics are more 
complicated. The results of this paper show 
that the area under the derived demand curve 
for an intermediate input (adjusted for in- 
come effects) is a welfare index as well. The 
derived demand curve is the relationship be- 
tween the price and quantity of an input, 
allowing for equilibrium in the output 
market. Along the derived demand curve, 
input quantity demanded will increase in 
response to a fall in input price both because 
of substitution out of other factors and be- 
cause a lower price for one input will usually 
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lead to an expansion of output.’ If price in 
the upstream sector falls, the area under the 
demand curve for its output measures the 
sum of the increased producer’s surplus in 
the downstream sectors plus the consumer’s 
surplus of final demanders. 

The real quality-adjusted price of com- 
puters has fallen rapidly since they first be- 
came commercially available thirty years ago, 
largely because of technological advances in 
the high-speed computer sector itself and 
advances in electronic components ‘such as 
integrated circuits. Further, a very large frac- 
tion of computer sales is to sectors such as 
services and government in which real out- 
put is poorly measured. The national income 
accounting convention for these sectors has 
been that real outputs are measured by in- 
puts, and research has not yet provided con- 
vincing alternative indexes of real output. As 
a result, total factor productivity (TFP) in- 
dexes for these sectors measure an account- 
ing identity rather than the output and pro- 
ductivity effects of the technical change in 
computing. Inferring the value of the tech- 
nology from adopters’ willingness to pay is 
an attractive, feasible alternative. 

This paper will calculate the’ spillovers 
from advances in general purpose (“main- 
frame”) computers to the financial services 
sector (banking, insurance, and brokerage) 
from 1958 to 1972. This sector made up a 
large fraction of private demand for com- 
puters. The indexes calculated will measure 
welfare under two central assumptions. First, 
existing quality-adjusted price indexes for 
computers are reliable. Second, the financial 
services sector is ‘competitive on those 
margins not fixed by regulation. Competi- 
tion will lead the sector to act as the agent of 
its customers. Thus we can treat purchases 
of computers by the services sector as if they 
were made for those customers, and infer‘ the 
gain to the customers from service’s derived 
demand for computers. 


4This is Alfred Marshall’s usage: the demand for the 
input is “derived”. from that for the output (Principles 
of Economics, 1948, p. 381). The alternative usage of 
“derived demand” to mean “demand for an input hold- 
ing the price of the output fixed” is incorrect and should 
be discontinued. 
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The area under the demand curve for a 
product can be measured either by econo- 
metric techniques or by index-number tech- 
niques. (This is the analog of the distinction 
between econometric production function 
estimation and the calculation of an index of 
TFP growth.) In this. paper, index-number 
techniques based closely. on those.of Douglas 
Caves, Laurits Christensen, and Erwin Die- 
wert (1982) will be used. These techniques 
measure. the real resource cost of providing 
consumers with a given level of utility, or the 
real costs of-a given level of. output in pro- 
ducer sectors which use. financial services. 
These costs were lowered substantially by 
falls in the price of computers as inputs to 
the a services sector. , 


I. The Welfare Analysis of Derived Demand 


The theoretical model used in the spillover 
calculation has three elements. The first is an 
upstream sector (computers in the applica- 
tion reported below) which produces a vec- 
tor of outputs Z, at quality-adjusted prices 
W,. Both. Z, and W, are observable to the 
analyst. It is useful to think of W, as fall- 
ing rapidly over time because of technical 
progress.° 

The second element in the model is the 
downstream sector (banking, finance and in- 
surance) which produces outputs Q, using 
Z. The vector Z includes all of Z, as ele- 
ments. The prices of all inputs are denoted 
W and assumed. to be observable to the 
analyst. Each output in Q, has.an endoge- 
nous price and quality;. the vectors of these . 
are called P, and A,. Both P, and A, are 
unobservable to the analyst. This unobserv- 
ability arises because product quality in this 
sector is difficult to measure quantitatively. 
Only expenditures on each good, j, in the 
sector p; X q;, are observable. The technol- 
ogy in this sector is represented by a con- 


SIf there is substantial market power in ‘the Z, 
sector, prices will fall more slowly than they otherwise 
might, and downstream sectors will reap smaller benefits 
from technical advance in any given period. This paper 
will only quantify the benefits actually reaped by the 
downstream .sector from the actual price fall, not the 
potential benefits. : 
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stant returns to scale production function 
for each element of Q: 


(1) g= (8, Z’), 


where ô, is output quality, and Z/ the inputs 
used in this particular industry. Price and 
quality setting in the Q, sector are competi- 
tive, except that the government regulates 
prices in some industries in this sector (for 
good or ill). For convenience, let the regu- 
lated industries be the first R elements of 
Qı. Let g, stand for the government-set price 
in industry J, and let Gp and Qp refer to the 
vectors of prices and quantities in the R 
regulated industries. The rule by which 
government gets Gg will be discussed below. 
For firms under regulation, the behavioral 
assumption is that they still act competi- 
tively with respect to the price, quality, or 
marketing variables they do control. 

The third element of the model is made up 
by the consumers and the firms in other 
industries who are customers of the Q, sec- 
tor. Both kinds of customers have demands 
which depend on the quality and the price of 
outputs from the Q, sector. Both kinds of 
customers buy non-Q, goods as well; the 
prices of these are taken to be observed. 

This section’ has two purposes: to show 
that the unobservability of Q,, P}, and A, is 
of no consequence in attempting to measure 
the social value of the fall in W,, and to 
derive index-number formulae which yield 
an estimate of that value. For brevity, I 
explicitly treat only the case in which all of 
the output of the Q, sector is purchased by 
consumers.® 


A. Derived Demand by 
Competitive Industries 


The cost function for industry j is denoted 
C,(4;,8;, W). Consumers buy not only Q, 
but also other goods Q, at prices P,. These 
prices are taken to be observable. Con- 
sumers have utility function u= U(Q,, 
A,, Q2), and associated expenditure function 


®An earlier, longer version of this paper has a fuller 
treatment. See also fn. 27. 
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E(u, P}, P,, A,). The downstream industries 
are competitive with supply functions: 


0C,(q,,8,,W 
Pj= Glaw) otherwise, 
ôq; 
2E _ 8G (4),8;,W) vj 
06; 06; 


Let Mp be an R vector and X’Y be the 


` inner product of vectors X and Y. Then we 


have the result that market equilibrium will 
act so as to minimize the sum of social costs 
plus (marginal) regulatory costs: 


Result 1. If consumers are expenditure mini- 


mizers and firms in the Q, sector are competi- 
tive cost minimizers, then Z, A, and Q solve: 


J 
min E = PQ, + >> W’Z!/ 


j=l 
+(Gp—Mp)'Qp ** 
subject to u=U(Q,,A,,Q>) *1 


subject to q;= F,(6,,Z/) j=l1,...,J *2 
when M; is evaluated at marginal cost in 
regulated industry j. 


PROOF: 

The proof, in the Appendix, shows that 
the first-order conditions for * *, taken to- 
gether with the definitions of cost and ex- 
penditure functions, are- the same as (2). 


To understand the intuition and the utility 
of Result 1, first consider the case in which 
there are no regulated industries in the Q, 
sector. Under competition, each p, will max- 
imize the sum of producer’s and Consumer’s 
surplus (ignoring income effects for brevity) 
in market j. As a result, we can treat these 
industries as if they were owned by con- 
sumers. Calculating a welfare index on the 
basis of Result 1 will involve using P, and 
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W, since P, does not appear. This calcula- 
tion is based on the prices of inputs into the 
Q, sector instead of outputs: it is the calcu- 
lation of a cost of living and of making Q 
index. From this viewpoint, there is no more 
difficulty with the lack of a consistent price 
index for insurance services than with a lack 


of a consistent price index for refrigeration - 


services. In the latter case, I calculate the 
real cost-of-living index based on the inputs 
the household purchases in order to make 
refrigeration services, such as refrigerators 
and electricity. In the former case, we can 
calculate an index using the inputs bought 
by the insurance industry “for” households. 
More formally, let E*{u, P,,W) be the 
solution to * in the case where there are 
no regulated industries. It is immediate from 
the usual envelope theorem argument that 


JE*(u, Py, wW) 
Ow, 


Z= z= 


j 


As a result, integration of the derived de- 
mand functions Z will yield estimates of 
E*. This calculation is taken up below. 

This argument cannot be applied to the 
regulated industry case without alteration. 
Result 1 is stated as if Gpg— Mp is exoge- 
nous, since competitive price-regulated firms 
act as if they cannot affect these margins. 
But quality competition renders the level of 
marginal cost endogenous, and even the 
government-set prices of regulated industries 
must surely be treated as responsive to costs 
in the long run. Obviously, no general results 
can be obtained in the regulated industry 
case, but two important models of regulated 
industry price setting have similar implica- 
tions. 

First, consider the model of government 
behavior in which prices in the long run are 
p; percent greater than marginal costs in 
industry j. Let E(u, P), W, Gr — Mp) be the 
solution to ** in general. Differentiation 
of £ does not determine all of the equi- 
librium values since Gp — Mp is endogenous. 
The observable derived demand curves will 
take the form Z*(u, P,,W) = Z(u, Po, 
W, Gp( Ps, W)— Mp(P,, W)). The regu- 
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lations imply 


where the tildes denote equilibrium values. 
By how much will an increase in w, lower 
social surplus?” 


Lizi 
j 


dĚ/dw, = 


3G 84 8O a6, 
2 Oz, ðq, 08, dz, | 





+5 oQ, 
J 


If the equilibrium effect of higher factor 
prices is to raise marginal costs, the term in 
square brackets will be positive. As a result, 
integration of the demand curves Z* will 
understate the welfare effects of changes 
in W. 

This result appears to be in conflict with 
the observation that regulated-industry qual- 
ity competition can lead to too rapid adop- 
tion of technologies whose prices are falling 
over time (Nathan Rosenberg and David 
Mowery, 1982). The conflict is only ap- 
parent. Quality competition may in fact lead 
to too much demand for some inputs Z, 
relative to the unregulated first-best. How- 
ever, we are seeking an index of surplus 
actually achieved in the market, not of sur- 
plus that could be achieved if the regulations 
were removed. 

The second model of regulation to con- 
sider is that of successful cartelization of the 
industry through regulation. Then the in- 
dustry equilibrium, including the equation 


TIt is not quite right to treat E as social costs at the 
margin, since the excess of price over marginal costs in 
the regulated industry is presumably a return to some- 
one and therefore part of social surplus. Thus the 
calculation made here tends to understate social sur- 
plus. If quality competition destroys most or all of the 
regulatory rents, this distinction will be unimportant. 
(This need not always follow from quality competition: 
see George Stigler, 1968, and Lawrence White, 1972.) 
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for the regulatory price, acts to maximize 
profit, not social surplus. The derived de- 
mands Z will once again provide an index of 
what is being maximized in the market: 
profit, not total surplus. However, the sur- 
plus actually obtained in the market is larger 
than profit, since consumers do obtain some 
surplus. Therefore welfare indexes based on 
derived demand by a monopolized industry 
will tend to understate the true social value 
of upstream price changes.® 

When certain prices are not easily ob- 
servable, an opportunity to substitute theory 
for data arises; it is possible to use assump- 
tions about the process by which those prices 
are.set to replace information about the 
prices themselves. When the prices are set in 
a competitive market, it is appropriate to do 
exactly what one would expect: infer value 
from the area under the derived demand 
curve. When the market is not competitive, 
this argument fails. However, the same 
calculation does yield underestimates of the 
social gain from a decline in upstream prices. 


B. Implied Welfare Measures 


The result of the last subsection can be 
exploited in deriving welfare measures. Sup- 
pose we have two different time periods, 0 
and 1, and wish to know how much the fall 
in W, from W} to W} benefited consumers.? 
The first task is to figure out by how much 
more consumers are better off in period 1 
than in period 0. Answers to this question 
take the form of- cost-of-living indexes: how 
much more expensive would it have been to 
provide period 1 utility in period 0, and how 
much cheaper would it have been to provide 
period 0 utility in period 1? The primary 
difference of the current model from the 
usual analysis of a cost-of-living index is that 
here I analyze the cost of living and of 
making Q,, since the model (implicitly) treats 
the Q, sector as if it were owned by con- 
sumers. The relative cost of providing peri- 


® This single-industry argument has been made more 
generally in Robert Willig’s (1983) analysis of taxation 
in many industries with market power. 

°In what follows, superscripts denote time periods. 
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od 1 utility at period 0 prices is 


cr = E*(w, P?, w°?) , 

E*(u', P},W') 
The inverse of the relative cost of providing 
period 0 utility at period 1 prices is ; 


0 po yo 

cx = E*(u , P2, W ) 
E*(u°, P}, W?) 

The large body of useful results from the 
theory of index numbers for the standard 
consumer problem apply here without alter- 
ation. The derived demand curves from the 
market equilibrium, Z(u,P,,W), are the 
same ones that would come from directly 
maximizing the problem * *. As a result, the 
marginal social value of elements of Z is 
revealed in the derived demand in exactly 
the same sense that a single consumer’s de- 
mands reveal the marginal value of goods to 
that consumer. Any functional form assump- 
tions about E( ) lead to function forms for 
the cost-of-living index which can be calcu- 
lated without econometric estimation. In the 
regulated case, these indexes will be biased 
against assigning welfare gains to falls in 
regulated industry factor prices. I follow 
Caves et al. in the choice of functional form, 
and assume that E* has the translog func- 
tional form in both periods 0 and 1, and 
further that any changes in technology or 
tastes between the two periods shift only the 
first-order terms of the translog function.!° 
The practical impact of these assumptions 
will be discussed below. 

Under these assumptions, an estimate of 
the real cost of living and of making Q, 
index can be calculated on the basis of the 
observables alone. Let E‘ denote the value 
of £* at time ż. Let si be the vector of 
shares of expenditures on Z in E', Similarly, 
sọ is the vector of shares of the Q, consumer 
goods in E‘ with typical elements so ,. The 
elements of the vector (s3, sọ) sum to one. 


10See Caves et al. for translog formulae. 
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Then (following Caves et al.), 


1 
(3) zlos(c* xc) 
1{K p? 
51; Ss Catshuis | 


N wo 
+ L (+h a“) 
n= n 


1 


Suppose a cost-of-living index were calcu- 
lated using incorrect price and quantity in- 
dexes P, and Q,. (These might be the in- 
dexes available from the national accounts.) 
In the translog case, the percentage bias to 
such an index is!! 


1 4 0 1 BP 
(4) 3 2 (of, + o% )log B 








N wo 
- È (oda ohio] 
n=1 Wa 
where og is the vector of Q, shares in 
consumer expenditure as normally defined. 
Calculation of this bias would reveal by how 
much growth in real consumption was un- 
derstated because of the use of the incorrect 
price indexes for the Q, sector. 

The second welfare analysis to undertake 
is the answer to a counterfactual question: 
by how much are the downstream sectors 
and their customers better off than if there 
had not been the extraordinary technical 
advance in the Z, sector? This requires some 
assessment of how high W, would have been 
in period 1 without the technical advance. 
This is clearly arbitrary in any application, 
but a useful baseline is to take the relative 
price of Z, in period 0 and hold it constant 
in the counterfactual period.. Labeling the 
OO es period period 2, we have Pè 
= P}, =W], and w? = I(P3, Wy 


This calculation assumes that the value of inputs 
equals the value of outputs in the Q, sector, as in 
national income accounting data. 
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I( P}, W2)x WP where I() is some price in- 
dex formula (the translog in the application 
below). 

If the demand for the output of an ad- 
vancing sector has been estimated economet- 
rically, measuring the gain to downstream 
sectors from a fall in the price-performance 
ratio is straightforward. One simply in- 
tegrates the demand system to obtain the 
function £* and directly calculates the cost 
2 living index at the counterfactual prices 

2 (following Jerry Hausman, 1981). In 
a. this analysis, the econometrician 
runs the risk of out-of-sample extrapolation, 
since the counterfactual prices have never 
been observed. But if the econometric main- 
tained hypothesis is still valid even at the 
counterfactual point, the resulting welfare 
estimates will be meaningful. 

The index-number method used here re- 
quires a further assumption about what 
would have happened in the counterfactual 
no-technical-advance case. The percentage 
amount of spillovers is a cost of living and of 
making Q, index from the counterfactual 
period to period 1. As in equation (3), this 
will take the form: 


K 2 
(5) Al L Claut sbail 2) 


k=1 P2,k 


N ww? 
+ PV (s3, + le“) 
n=1 W, 


n 


Since Wi =W? and P}= P}, (5) im- 
mediately reduces to 


1 Nl w? 
O FE (hatske zr); 
n=l w, 


n 


where N1 is the number of elements of Z;. 
Note that (6) depends on the shares of Z, in 
the counterfactual period. Some method of 
estimating these shares must be undertaken 
in order to calculate the indexes. There is no 
best means by which to do this, so in the 
application I will report a sensitivity analysis 
with respect to s3. 

The methods used here for calculating 
welfare gains to downstream sectors from 
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upstream technical advance are familiar from . 


single-person decision theory. Their exten- 
sion here to market equilibrium, and to the 
case of endogenous product quality, has 
served primarily to clarify the accounting 
conventions. The greatest benefit of an ex- 
plicit theory will be seen in the next section, 
where the appropriateness of the assump- 
tions for the application can be rigorously 
assessed, 


I. Mainframe Computers in the 
Financial Services Sector, 1958-72 


In this section, Z, is general-purpose 
(mainframe) computers. The downstream 
sector into which computers spill over, Q4, is 
the financial services sector (FSS), defined as 
banking, brokerage, insurance, and related 
businesses.) This is a natural application, 
since the FSS was an early adapter of com- 
puter technology, primarily for narrowly de- 
fined data processing activities such as book- 
keeping and recordkeeping.’? Firms in this 
sector variously purchased, rented, and 
leased mainframe computers, and purchased 
computer services from “service bureaus.” 14 
Many of the real output and price indexes 
used in the national accounts for industries 
in the FSS use an “inputs = outputs” ap- 
proach.}5I will make no attempt to construct 


12 Financial services as defined here are sector 70 in 
the input/output tables of the Department of Com- 
merce Bureau of Economic Analysis (BEA) and are 
SIC 60-64 and 67. 

See Montgomery Phister (1979, ch. 3, especially 
part 3.1). See Horst Brand and John Duke (1982) for an 
interesting review of labor-saving computer installations 
in banking. 

HAs late as 1975, 71 percent of the banks using 
computer services purchased them from an external 
service bureau. Many small banks purchase computer 
services from larger money-center banks with which 
they are in correspondent banking services relation- 
ships. Insurance companies and brokers tend to own or 
lease computers, not buy computer services. See Philip 
Wypborg et al. (1977, p. 22). 

See John Kendrick (1982b) for summary and use- 
ful discussion of BEA methods of estimating real output 
in the services sector generally. Within the FSS, the 
BEA estimates real output for banking, credit agencies 
other than banks, and security and commodity brokers 
and services by a weighted labor-hours indicator. In- 
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better indexes.!® Instead, the problem will be 
avoided by using the theory to treat the FSS 
as if it were owned by its customers. 

The trick of treating a sector as the agent 
of its customers will be used twice. Because 
of the importance of service bureaus in pro- 
viding computer services to the FSS, we will 
treat the service bureaus as if they were 
owned by the FSS. The fraction of the com- 
puters, other capital, labor, and intermediate 
inputs of the service bureaus that correspond 
to FSS purchases will be accounted as if they 
were bought by the FSS directly.” I will 
compare years for which an input-output 
(IO) table exists. The base year of 1958 had 
the first JO table following the commercial 
introduction of mainframe computers. Thus, 
period 0 is 1958. 

Period 1 is set to 1972 for several reasons. 
Historically, few of the industries in the FSS 
had free-market price setting. Interest rates 
for the liabilities of financial intermediaries 
were set by various federal government bod- 
ies. Insurance prices were in part set by state 
regulatory bodies. Until 1975, brokerage fees 
on the New York Stock Exchange, were set 
by the SEC. The fact of regulation itself does 
not make our calculations irrelevant, as was 
shown above. A serious problem would arise 
in the use of the index-number methodology, 
however, in comparing a regulated with an 
unregulated period. For this reason, my 
calculations end in 1972 rather than with a 
later JO table, as the regulatory environment 
of the FSS was substantially liberalized over 
the 1970’s. A second reason for stopping in 
1972 is that extension of a quality-adjusted 
price index for computers past 1972 would 
be quite difficult. Over the 1970’s, more and 


surance brokers, agents and services have real outputs 
estimated by an index of transactions volume. 

16 Extension of the transactions volume approach to 
commercial banking has been proposed by John Gor- 
man (1969). Jerome Mark (1982) and Brand and Duke 
report some estimates using this approach. 

Service bureaus come into existence for a variety of 
reasons. In this instance, the most important motivation 
is probably to spread lumpy computer capital over 
many users. Thus it is probably appropriate to draw no 
distinctions between input prices at service bureaus and 
in the FSS. 
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TABLE 1— EXPENDITURES AND SHARES OF BEA SECTOR 70 


Expenditures, 
Current $106 
(1) 

1958 
Labor 8492 
GP Computers 34 
Other Capital 793 
FSS (BEA 70) 5389 
Business Services (BEA 73) 1025 
Other Interm. 5231 
1972 
Labor 28595 
GP Computers 1237 
Other Capital 3959 
FSS (BEA 70) 15562 
Business Services (BEA 73) 6033 
Other Interm. 12321 


more of the tasks previously assigned to 
mainframe hardware were moved to soft- 
ware as a result of operating systems 
advances. At the same time, competition be- 
tween small mainframes and larger mini- 
computers began to increase.'® 


A. Share and Price Calculations for the FSS 


The first task is to construct factor shares 
and factor prices for the FSS in 1958 and 
1972. The approach used here relies heavily 
on data developed by Frank Gollop and 
Dale Jorgenson (1980, 1983) Jack Faucett 
Associates (JFA) (1979, 1977), and Barbara 
Fraumeni and Jorgenson (1980). Table 1 
shows expenditures and shares of the FSS in 
1958 and 1972, first giving the gross (cur- 
rent) dollar expenditure on six factors of 
production. These differ from JFA in that 
the consumption by the FSS of its own 
output as an intermediate input, and the 
consumption of the output of business 
services by the FSS are treated separately.!° 


18 Robert Gordon (1985) reports, however, a slowing 
in the rate of decline in quality-adjusted computer 
prices after 1972. I therefore speculate that extension of 
my results to the present would find slowing returns to 
computerization. 

19These are calculated from the 1958 and 1972 JO 
tables, as reported in the Survey of Current Business, 


Share in Cost 
Share in Sharein with BEA 73 
Direct Cost Total Cost Added 
D @) 4) 
405 545 574 
00159 .002150 00225 
038 051 .053 
257 - - 
.049 066 - 
.250 336 370 
422 548 597 
.0183 .0237 0254 
.0584 .0759 .1050 
.2298 - - 
0891 1156 - 
1819 2362 2724 


The remaining columns show the cost shares 
of the remaining four factors of production 
after these two inputs are treated as if they 
were made in the FSS. The correction for 
purchases of own-input takes the form (using 
superscripts to indicate columns) s® = 
s{2/(1— sQ) for all inputs j other than the 
Fss (BEA 70) input. In column 4, inputs 
into the business services sector are distrib- 
uted to the FSS. Since the output of the 
business services sector is treated as if it 
were produced in the FSS, it is necessary to 
allocate labor, intermediate inputs, and com- 
puter and other capital purchased by the 
business services industry to the FSS. Thus 
s =s® +s Xs, where s? is the share 
of input J into the business services sector. ? 
The capital input has been divided into 
two components, computer and’ noncom- 
puter. Here “computer” means only the CPU 
and memory of a mainframe computer sys- 
tem. Expenditures on computers are calcu- 


November 1964, February 1979, and April 1979. Service 


Bureaus are a subset of BEA 73, “Business Services.” 

20This procedure underestimates the share of com- 
puter services in the FSS. The factor shares used in this 
calculation are for the entire services sector. Firms in 
the FSS, however, tend to concentrate their business 
services purchases in the computer service firms more 
than the average firm in the economy. 
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lated as if the computers were rented, re- 
gardless of their actual ownership. Rental 
prices are list prices for different model com- 
puters as reported by Montgomery Phister 
(1979). The inventory of privately held com- 
puters by model and of computers held in 
banking and insurance in Phister is used to 
weight the rentals.” 

The treatment of complements to com- 
puters such as software and computer pe- 
ripherals (especially mass storage devices) 
deserves some comment. There was consid- 
erable technical progress in software and 
peripherals over the period studied, both 
caused by and enhancing computerization. 
In such circumstances, there is no unam- 
biguous definition of “ the benefits of cheaper 
computers,” if this term is something that is 
added together with “the benefits of im- 
proved software and peripherals.” Some of 
the increase in the quantity of computers 
demanded actually caused by technical ad- 
vance in those other inputs may well be 
attributed to technical advance in computers 
in my calculations. On the other hand, falls 
in the price of computers led to increased 
demands for the complements, which is not 
counted as increases in value here.” My 
calculations underestimate the total value of 
computers plus peripherals in the FSS. One 
might further adopt the convention that the 
correct definition of the area under the de- 
mand curve for right shoes per se is one-half 
the area under the demand curve for shoes. 
On this convention, it is not clear whether I 
over- or underestimate the area under the 
demand curve for computers per se. 

The small share of computers in 1958 FSS 
expenditures, just over two-tenths of a per- 
cent in column 4 in Table 1, naturally raises 
a question about the validity of the translog 
approximation to E* over such a broad 


21See Phister’s Tables. II.2.10, 11.3.11.4, II.3.11.5. Ex- 
penditures on noncomputer capital are calculated by 
first following the JFA procedure and then subtracting 
out the computer expenditures. 

22Both of these statements are contingent on the 
empirical assertion that falls in software and peripherals 
prices are inadequately captured in the national 
accounts. In fact, both are treated the same way as 
computers, with no quality correction to their price 
indexes. 
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TABLE 2— PRICE INDEXES 


1972 =1.00 

Labor 482 
GP Computers 

Gordon 333.62 

Chow 19.37 
Other Capital .104 
Intermediate .6607 
FSS (BEA 70) 5354 


range. It would be very troubling if the 
behavior of the isoquants near the com- 
puters = 0 axis was driving the calculations. 
Consideration of (4) and (6) shows this con- 
cern to be unfounded. If the share of com- 
puters in 1958 were doubled or halved, the 
calculations would change little. This intui- 
tion is straightforward: roughly speaking, 
(6) calculates the size of a welfare triangle. 
The translog works better if not literally 
extended to the axes, but evaluated at some 
“small” value at which the demand curve 
“almost” cuts the axis. What determines the 
size of the triangle is not how small small is, 
but rather how high the price is at which the 
demand curve almost cuts the axis. 

Price indexes for the FSS and for the 
inputs into it are reported in Table 2. The 
index for the FSS itself is the implicit defla- 
tor as calculated by the BLS.” The wage 
rate is taken directly from Gollop and 
Jorgenson (1983). The price index for re- 
maining intermediate goods is calculated 
using the JFA (1977) procedure. The non- 
computer capital service price is calculated 
using the JFA data following the procedure 
of Fraumeni and Jorgenson, except that real 
estate sector capital is excluded. 

It is clear from the formulae in (4) and (6), 
and from the geometrical argument made 
above, that the welfare inferences drawn here 
will be quite sensitive to the quality-adjusted 
price index for computers. A large literature 
on the economic measurement of quality-ad- 
justed prices for computers has followed on 
the work of Gregory Chow (1967).74 This 


23«Time Series Data for Input-Output Industries,” 
BLS Publication 2018 (1979). 

24 See Ernst Berndt (1982) for conditions under which 
the existence of a well-defined price-performance index 
is guaranteed. 
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literature has recently been both summar- 
ized and substantially advanced by Robert 
Gordon (1985). I use two different price 
indexes in the calculations, the one from 
Gordon’s preferred specification of com- 
puter quality and my extension of Chow’s 
index forward to 1972. Both indexes use 
hedonic methods. I use my extension of 
Chow’s price index because among the avail- 
able indexes covering the period 1958-72, it 
shows the smallest fall, 19.08 percent per 
year in nominal terms. Gordon’s index shows 
a rate decrease of 33.97 percent per year for 
that period. Given Gordon’s observation that 
most of the important differences between 
the two price indexes occur before 1960, the 
two indexes reflect a realistic upper and lower 
bound on the price at which the demand 
curve for computers cuts the axis. Both in- 
dexes cover only the basic CPU and mem- 
ory, not any peripherals, so they are con- 
sistent with my definition of the computer 
input. 

A final reservation one might have about 
this application is that a great many things 
have been changing in the economic environ- 
ment of the FSS other than the fall in the 
price of computing power. One class of 
changes in the economic environment can be 
captured by changes in income, or in the 
prices of other inputs or of other consumer 
goods. The flexible functional forms used 
here for preferences and for technology do 
not put restrictions on the elasticities of sub- 
stitution between computers and other in- 
puts in financial services, or on the income 
or price elasticity of demand for the output 
of the financial services sector. Price and 
income changes are well treated in index- 
number methods. If increased computeriza- 
tion is to be attributed to rising real wages in 
the financial services sector, or if the increase 
in the size of the sector is to be attributed to 
income-elastic demand for its output, such 
factors have been accounted for in the calcu- 
lations. 

Another class of changes in the economic 
environment is not “priced out.” This in- 
cludes demographic shifts which change de- 
mand, independent technical progress in the 
FSS, and so forth. Slightly stronger assump- 
tions are needed here. The results of Caves 
et al. continue to hold if there are shifts in 
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the first-order coefficients of the translog E* 
between the two periods, but not shifts in 
the second-order coefficients. As a practical 
matter, this means that the model allows 
arbitrary shifts between the two periods in 
the desirability of any input or of any good, 
as long as these shifts do not change the 
demand elasticities. Thus independent tech- 
nical progress in the FSS can be labor saving 
and computer using, but cannot change the 
elasticity of substitution between labor and 
computers. These are defensible assump- 
tions, but, if they are false, then econometric 
methods could go beyond the index-number 
methods employed here to get a better 
answer. 


B. Biases to Cost Indexes 


This subsection reports calculations of the 
biases to the cost-of-living index ‘and to a 
cost of (nonfinancial) production index from 
using the FSS price index from the national 
accounts. The downstream sector considered 
here is the private nonfinancial domestic 
economy. In the input-output system, it con- 
sists of the personal consumption expendi- 
tures component of final demand (PCE) 
and intermediate-input demand by all private 
business outside the FSS, which we call 
the private nonfinancial business economy 
(PNFBE).”> These two sectors together we 
call the private domestic economy. (PDE). 
The shares of the FSS in these sectors are 
shown in Table 3.” 

Table 4 shows the results of calculating 
(4), the percentage bias to the conventional 
cost-of-living index caused by using the FSS 
implicit deflator as the price index for the 
sector.” The size of the bias is sensitive to 


25In the 1972 IO table, the PNFBE is defined to 
include BEA sectors 1-69 and 71-76. In the 1958 table, 
it is 1-69, 71-76, and 81-83. 

26It may be somewhat surprising that the share of 
the FSS in PCE is so much larger than in PNFBE. 
What is behind this is that the sales of the FSS to PCE 
are approximately equal to its entire sales as an inter- 
mediate input. Almost half of the intermediate-input 
sales of the FSS are to itself, so that after they are 
netted out the contribution to the PNFBE is consider- 
ably smaller. 

27No important difference arises in calculating the 
real input cost index for the PNFBE. (See Caves et al.) 
However, some additional assumptions are needed to 
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TABLE 3-——-FSS SHARE IN DOWNSTREAM 
SECTORS’ EXPENDITURES 


Downstream 
1958 1972 
PCE .0407 .0529 
PNFBE 0253 0213 
Total PDE .0320 .0358 


TABLE 4—BrasEs To .5 (C*? x C*1) 


Bias PCE PNFBE . Entire PDE 
Gordon .00587 .00257 .00408 
Chow 00384 00172 00269 


the computer price index used. The eco- 
nomic importance of the estimated bias can 
be illuminated by an evaluation of the “out- 
puts = inputs” approach to real price and 
output indexes. From 1958 to 1972, the im- 
plicit deflator for the FSS grew at 4.56 per- 
cent a year, on average. An alternative price 
index can be calculated by solving (4) for 
that P which gives a bias of zero. Economi- 
cally, this is the price index implied by a 
perfectly competitive FSS with no internal 
technical progress. The annual rise in this 
price index was 3.98 percent (Chow index) 
or 3.67 percent (Gordon index). Thus either 
computer price index implies substantially 
faster real growth in the FSS than does the 
implicit deflator, even under the conservative 
assumption of no internal technical progress. 

These figures are not out of line with other 
indexes of real output based on the “ trans- 
actions” approach. Horst Brand and John 
Duke calculate a transactions-based real out- 
put index for commercial banks for the 
period beginning in 1967. Through 1972 it 


calculate cost of living and of making Q, indexes for 
the two different customers of the FSS, final demand 
and intermediate demand. This calculation implicitly 
assigns the producer’s surplus gained in the FSS, if any, 
to the two groups of customers in proportion to their 
sales. Further, the assertion that the presence of regu- 
lation leads to an underestimate of the size of the gains 
to each group of customers is obviously stronger than 
the result obtained in Section I. In particular, sys- 
tematic cross subsidy between business and consumer 
customers of the FSS would invalidate that result. 


SEPTEMBER 1986 


advances 1.5 percent per year faster than 
the deflator. Similarly, the transactions in- 
dex of real output for the insurance sector 
used in the national accounts advances about 
1.5 percent faster than the older, “liquidity” 
index. 


C. Spillover Calculations 


The size of the downstream welfare gains 
resulting from the fall in the price-perfor- 
mance ratio of computers can be estimated 
using (6). Results for this calculation are 
shown in Table 5 for each of the two price 
indexes and for three counterfactual shares 
of computers, s2. Given that the counter- 
factual is a 1972 world but with the 1958 
relative price of computers, the base case 
(reported in the left column of the table) is 
s2=5,=.91E~*. Many economic assump- 
tions could have led to this share actually 
arising in 1972. For interpretational pur- 
poses, I prefer to use the assumptions of an 
expenditure elasticity of demand for com- 
puters of unity, and that computers are sep- 
arable from everything else in E*.*® Then to 
get comparison cases, I maintain the sep- 
arability assumption and assume that the 
expenditure elasticity of demand for com- 
puters is larger, taking on the values 2 and 3 
in the second and third column of the table.”? 

The interpretation of these figures is as the 
amount by which consumers would be worse 


TABLE 5—SPILLOVER CALCULATION: PCE 


Case G) (2) (3) 

A .000091 .000164 .000296 
Spillover (Gordon) ($10°) 417 750 1351 
Spillover (Chow) ($10°) 225 405 729 
Expenditures ($10°) 68 68 68 


28This would be true if the real income elasticity of 
demand for financial services is unity, the output elastic- 
ity of demand for computers in the FSS is also unity, 
computers are separable from other inputs in FSS pro- 
duction, and FSS outputs are separable from other 
goods in demand. These obviously unrealistic assump- 
tions are used merely to provide an economic motiva- 
tion for the nonbase cases. 

2°Income elasticities of demand for the FSS substan- 
tially greater than unity are reported by Kendrick 
(1982a). 
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off in 1972 if the real (rental) price-perfor- 
mance ratio for computers used in the FSS 
had not fallen from its 1958 level. For exam- 
ple, if we take the base case s2, consumers in 
1972 would have been willing to pay $225 
million (Chow index) or $417 million 
(Gordon) for this price decrease. Corre- 
spondingly higher estimates of this willing- 
ness to pay would be obtained if, for any 
reason, the share of computers in expendi- 
tures would have risen above its 1958 level 
even without the fall in computer prices. To 
put these figures in perspective, the amount 
spent by the FSS “for” consumers in renting 
computers in 1972 was $68 million. Thus if 
we were to draw the derived demand curve 
for computers used in the FSS and put in the 

` 1972 price, the consumer’s surplus triangle 
would be five or more times the size of the 
P XQ box. 

Similar figures would be obtained for the 
cost indexes of business customers of the 
FSS: the analog to Table 5 for them is 
essentially proportional to it. 

I draw the following conclusion from these 
calculations: compared to expenditures on 
computers, the spillover to adopters of com- 
puters and their customers has been large. 
The present analysis has used a sector in 
which computers are particularly valuable, 
so that the finding might not generalize to 
the rest of the economy.*° On the other 
hand, the price-performance ratio for com- 
puters has (conservatively) fallen another 
order of magnitude for computers since 1972. 
So in current (1986) terms, the downstream 
benefits of technical progress in mainframe 
computers since 1958 are conservatively 
estimated at 1.5 to 2 orders of magnitude 
larger than expenditures, at least in this 
high-value use. 


APPENDIX: PROOF OF RESULT 1 


Let A be the Langrangian corresponding 
to *1, and let p be the vector of Lagrangians 


30 But see Manuel Tratjenberg’s (1985) estimates of 
the external benefits of CAT scanners: Tratjenberg also 
provides an interesting discussion of the (difficult) 
welfare economics of technology adoption in the health 
sector. 


| (Al) Qi: A 
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for *2. Then the first-order conditions for 
the problem * * are 


dU(Q,, A, Q2) 


34; =G,-m,+ h; 
j=1,.. R 
dU(Q,, 4;,0) 
: \—————————— = 4, 
Q; aq; By; 
J=R41,...,7 
dU(0,, A,, 
(a2) 9, a a ve 
Od, 
aF,(8,, Z’) 
> = INJ?’ + 
(A3) Z: a aa Vj 
‘0U(O,, Ay, 
(Aa) a: 2O BO) 
a6, 
aF,(8,, Z’) 
Emer piss Ast Laie ; 
bj 38, Vj 


plus the constraints (+1) and (*2). Compare 
this system to the definitions of expenditure 
and cost functions: 


min P/Q, + P/Q, + \(u—U(Q,, A, Q>)) 


5 9U(QhsB1yQo) _ 


A5 À i vj 

( ) Q, ðq; J J 
N ðU ,A ? 

(As) or: ATOA ve 
dk 

min W'Z! + —i,(q;— E (8, Z/)) 
OF(6,, Z/ 
(A7) Z: M a Yn 


azi 


plus the constraints. From the envelope the- 
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orem we know that fi; is marginal cost and 
that 


dE(u, Py, P,, A,) as 4 2Ula:, A1, Q2) 


06; 06; 
IC( 4), ô W) = 3E (8, z’) 
06; 4 08,” 


so that (2) implies 


a au(Q,, A,, Q2) 
(AS) Ne ae 5 


At mc;=p,;, for j=1,...,R, the sets of 
equations (Al)-(A4) and (A5)-(A8) are 
identical. 
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Price Leadership and Welfare Losses in U.S. Manufacturing 


By MICHA GISSER* 


A model of price leadership is used to estimate the welfare losses due to monopoly 
in U.S. manufacturing. Given that the leaders behave independently, an hypothe- 
sis confirmed empirically, the deadweight loss is estimated at 0.114 percent of 
GNP based on a sample of 445 four-digit industries. 


Thirty years ago, Arnold Harberger (1954) 
estimated the welfare loss due to monopoly 
in the United States. Since the appearance 
of Harberger’s study, there has emerged a 
substantial literature on this subject. The 
articles by David Schwartzman (1960), David 
Kamerschen (1966), Frederick Bell (1968), 
Dean Worcester (1973), and John Siegfried 
and Thomas Tiemann (1974) constitute but 
a small sample out of the vast number of 
studies related to this topic. I believe that 
Sam Peltzman was correct when he sug- 
gested that “the reader has by this late day 
earned the right to demand strong justifica- 
tion for a new entrant” (1977, p. 229). My 
justification lies in the development of an 
innovative approach that applies to a model 
of price leadership in order to estimate the 
welfare loss. 

It will be recalled that Harberger’s analy- 
sis proceeds from an assumption of an in- 
finitely elastic marginal cost that intersects 
with the industry-demand curve of unitary 
elasticity at a competitive price level. When 
the market price rises above the competitive 
level, consumers lose a portion of their con- 
sumers’ surplus. Most of this loss is offset by 
the additional revenue that the producers 
obtain at the higher price, but a small por- 
tion of this loss is not offset by any gain 
to any group in the economy. The latter 
portion is the “deadweight” loss that has 
been estimated by Harberger and other re- 
searchers who basically applied the same 


*Professor of Economics, University of New Mexico, 
Albuquerque, NM 87131. I benefited substantially from 
comments by Peter Gregory and two referees of this 
journal. Any errors are mine. 
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method. But there is a distinct difference 
between the industry demand curve on the 
one hand, and the demand curve facing the 
individual firm or other maximizing agent 
(for example, a cartel) on the other. Most of 
the papers in this area have properly worked 
with the industry-demand curve in measur- 
ing the resource allocation costs of mo- 
nopoly. But the relations between these 
curves and those facing the maximizing 
agents have been talked about explicitly only 
by Worcester (1975) and Harberger (1974, 
pp. 86-90). In both cases, moreover, the 
discussion is quite terse; it certainly has not 
been picked up by the subsequent published 
work in the area. It is this idea of the net-de- 
mand curve facing the individual firm, or the 
cartel of leaders, that is pursued in this 
article. A logical step in this direction would 
be to estimate the deadweight loss by utiliz- 
ing a model in which the industry leaders 
confront a net-demand curve which is the 
horizontal difference between the demand 
for the industry and the supply of the small 
firms. This procedure can be justified on the 
basis of an empirical observation. I calcu- 
lated the weighted average of firms per in- 
dustry in an almost exhaustive sample of 445 
4-digit industries taken from the 1977 Census 
of Manufactures at 1508, and the weighted 
average of the four-firm concentration ratio 
at 37.76. Value-added was used for weight- 
ing. These two statistics indicate that most 
manufacturing production is generated by 
industries with a concentration ratio lower 
than 50 percent, and these industries are 
composed of many small firms that are price 
takers. 

Section I discusses the excess demand 
curve. In Section II, I estimate the dead- 
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weight loss under a price leadership model, 
first under the assumption that the four lead- 
ing firms collude, and second under the as- 
sumption that they operate independently. 
To anticipate, the welfare loss is estimated 
separately for each of the 445 industries, and 
then it is aggregated and compared with the 
GNP. The order of magnitude of the welfare 
loss is higher than Harberger’s estimate un- 
der the assumption that the leaders collude, 
but it is very close to Harberger’s estimate 
under the assumption that the leaders act 
independently of each other. I also show that 
the deadweight loss decreases under the as- 
sumption that there are eight leaders instead 
of only four leaders, provided that they act 
independently of each other. Finally, Section 
HI offers an indirect statistical test which 
supports the hypothesis that leaders act in- 
dependently rather than collusively. I thus 
confirm the results of Harberger by utilizing 
an approach that more closely reflects the 
actual organization of the U.S. manufactur- 
ing sector than do the models used by others. 


I. Excess Demand 


The central concept in this analysis is that 
of excess demand. The demand curve for an 
industry’s product is one thing; that facing a 
collusion of leading producers is another; 
that facing an individual leading firm when 
there is no collusion is a third. 

The basic arithmetic of excess demand is 
shown below. Excess demand (E) is defined 
as the difference between total demand (D7) 
and other supply (So). Thus 


(1) E=Dr~ Sp 


PdE D,| P @D,| S)[P 3S 
= E|D, OP | E|Sy OP 


(3) 1e= (D,/E) nr —(So/E)&0- 


1This study does not address the issue of dynamic 
aspects of U.S. manufacturing studied by John Kendrick 
and Elliot Grossman (1980), Peltzman, Steven Lustgar- 
ten (1979), and myself (1982, 1984). 
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In an industry with a homogeneous product, 
each producer “sees,” as the demand curve 
facing him, an excess curve whose elasticity 
is governed by the formula (3). 

Thus if the elasticity of demand for the 
industry’s product is —1, and if each firm’s 
marginal cost schedule has an elasticity of 
+1, then an individual firm accounting for 
10 out of an industry’s output of 100 will 
perceive its demand curve as having an 
elasticity n, of —19[=(100/10)(—1)- 
(90/10)(+1)}. A cartel consisting of four 
such firms will see the elasticity of excess de- 
mand facing it as —4[= (100/40X-1) 
—(60/40)(+1)}. 

We know from the theory of the firm that 
a profit-maximizing entity will try to equate 
marginal revenue with marginal cost. Thus, 
an industry with four leading firms, each 
accounting for 10 percent of output and 
each setting price in accordance with some 
oligopolistic mode of behavior, will tend to a 
situation in which, for the leading firms, 
marginal cost is about 94 percent of market 
price. If the same four firms collude, they 
will end up operating where marginal cost is 
three-fourths of market price.” 

The efficiency cost (deadweight loss) of 
the monopoly distortion can in each of these 
two cases be measured along the excess de- 
mand curve facing the group of four leading 
firms (as even in the case where they do not 
collude, the leading firms end up each doing 
the same thing). In the collusion case the 
welfare cost is a triangle whose height is 1/4 
of demand price, in the case of no collusion 
the welfare cost triangle has a height of only ` 
1/16 of demand price. 


Let , denote the elasticity of the net demand 
curve. Then, if the 4 leaders collude, for them MR = 
P(1+1/ng) = P-0.75. If the 4 leaders act indepen- 
dently, some oligopolistic mode of behavior must be 
assumed, I opted for the Cournot mode simply because 
it is mathematically convenient. Then the elasticity per- 
ceived by each of the 4 leaders is 4-n,, and 


MR = P[1+1/(4-42)] 


= P[1+1/(-16)] = P-0.94. 
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TABLE 1-—— SIMULATED PRICE DISTORTIONS AND DEADWEIGHT LOSS IN PERCENTS UNDER 
COLLUSION AND INDEPENDENT (COURNOT) MODE OF BEHAVIOR 








e: Elasticity of Supply of Price Takers and Aggregate MC Curve of Price Leaders 








Four-Firm n 
Concen- Total-Demand ee ee Fe 10 100 
tration Elasticity Collusion Cournot Collusion Cournot Collusion Cournot Collusion Cournot 
20 —1 10.132 2.711 6.756 1.858 1.851 0.527 0.203 0.058 
[0.094] [0.007] [0.078] [0.006] [0.027] [0.002] [0.003] [0.000] 
-2 6.727 1.759 5.063 1.355 1.696 0.477 0.200 0.058 
[0.043] [0.003] [0.046] {0.003} [0.023] [0.002] [0.003] (0.000) 
40 -1 20.871 5.966 14,090 4.233 3,909 1.266 0.428 0.142 
[0.756] [0.058] [0.601] [0.053] [0.188] [0.020] [0.021] [0.002] 
-2 13.844 3.745 10.531 2.985 3.581 1.128 0.424 0.140 
[0.351] [0.025] [0.363] [0.029] [0.165] [0.017] [0.021] [0.002] 
60 -1 33.333 10.070 22.908 7.492 6.506 2.413 0.718 0.278 
[2.847] [0.225] [2.143] [0.211] [0.604] [0.081] [0.065] [0.010] 
-2 21.922 6.055 17.026 5.043 5.957 2.102 0.710 0.273 
[1.312] [0.091] [1.340] [0.110] ` [0.551] [0.067] [0.064] [0.009] 
80 -1 50.000 15.693 35.604 12.613 10.601 4.619 1.186 0.555 
[9.153] [0.661] [6.473] [0.659] [1.550] [0.261] [0.153] [0.030] 
-2 32.195 8.856 26.102 7.866 9.693 3.874 1.175 0.544 
[3.945] [0.245] [4.130] [0.318] [1.506] [0.217] [0:153] [0.029] 





Note: Distortions and losses (shown in brackets below) are in percents of price and sales (of price leaders and price 
takers combined), respectively, They are calculated by applying numeric methods. 


Since the welfare costs vary roughly with 
the square of the relevant distortion, assum- 
ing four large firms, one can expect the cost 
under cartel behavior to exceed those with 
no collusion by a factor equal to approxi- 
mately (16)7/(4)? or 16. In general, this fac- 
tor will be equal to the square.of the number 
of leaders.’ 

Table 1 presents simulated distortions and 
deadweight losses in percents of price and 
total value of industry output, respectively, 
under collusion and under a independent 


3The deadweight loss may be measured by the for- 


mula 
s Lf AP\? f 1 
os 5 P) Visaesi Ze 


where R is the value of output produced by the large 
firms, and e is the elasticity of the marginal cost curves. 
Let M denote the number of large (equal-sized) firms. If 
there are 4 large firms and assuming a Cournot mode of 
behavior, then M = 4. Since (Lerner’s ratio) AP/P = 
1/elasticity, we obtain a factor of 


(1/ne) /L/( Mag) = M°. 


(Cournot) mode of behavior. A numeric 
method that is described in the next section 
is applied in calculating the price and quan- 
tity distortions. The loss defined as —0.5- 
AP-AQ of the price leaders, is divided by 
total value of the industry output of both 
leaders and price takers in order to convert it 
from a dollar amount to a percentage. The 
results in Table 1 are thus not exactly equal 
to results that would be obtained by utilizing 
equation (3). Had equation (3) been used, a 
point would be located on a line which is 
tangent to the excess demand curve at the 
competitive price. The numeric method 
selects an equilibrium point on the excess 
demand curve as defined by equation (1). 
The simulation results in Table 1 show that 
selecting for marginal costs and demand 
curves unitary elasticities, as compared to 
higher elasticities, biases the results in the 
direction of larger welfare losses. The losses 
do not change appreciably when the margin- 
al cost elasticity rises from 1 to 2. They are 
cut by roughly one-half when the marginal 
cost elasticity rises to a magnitude of 10. The 
losses are very sensitive to’ changes in the 
total demand elasticity. Increasing the total 
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FIGURE 1. A PRICE LEADERSHIP MODEL 


demand elasticity (absolute value) from —1 
to —2 results in roughly 50 percent loss 
reduction. As expected, the loss rises rapidly 
as the concentration ratio increases. For ex- 
ample, if a Cournot mode of behavior cou- 
pled to unitary elasticities is adopted, the 
loss expressed as percentage of the total 
value of industry output rises from 0.007 to 
0.661 when the four-firm concentration ratio 
rises from 20 to 80 percent. 


H. Deadweight Loss and Price Leadership 


The model of price leadership, or domi- 
nant firm as some prefer to call it, is sum- 
marized in Figure 1. In order to obtain 
estimates of the deadweight losses for each 
of the 445 industries included in our study, 
the quantitative aspects of the model that 
were discussed partially in the previous sec- 
tion are further developed in this section. 

The aggregate demand Dy is 


(4) D,= HP", 
where Dy, H, P, and ny stand for total 


output demanded, demand shifter, price, and 
price elasticity of the total demand curve. 


The supply of price takers Sọ is 
(5) So z G,P o, 


where Sọ, G,, P, and eg represent the quan- 
tity supplied by price takers, supply shifter, 
price, and price elasticity of the supply of 
price takers. l 

The aggregate marginal cost of the leaders 
(or dominant firm) S, is 


(6) S,=G,(MC,)", . 


where S}, G,, MC,, and e, represent the 
quantity produced by the leaders, aggregate 
marginal cost (of the leaders) shifter, mar- 
ginal cost of the leaders, and the elasticity of 
the aggregate marginal cost of the leaders. 
The net-demand curve confronting the 
leaders (or dominant firm) is derived as 


(1’) E = Dz- Sp. 


Note that although the elasticities along 
curves Dy and S, in Figure 1(a) are respec- 
tively constant, the elasticity of curve E in 
Figure 1(b) is not constant. 
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The marginal revenue curve associated 
with the net-demand curve confronting the 
leaders is denoted by MR p. Assuming collu- 
sion among the leaders, point G in Figure 
l(b), where MR, cuts MC,, would de- 
termine the optimal level of output for the 
leaders. Accordingly, they will agree on a 
price of P,, and produce a quantity qj. A 
price P, and a quantity q; would prevail in 
the market if the leaders were to behave 
competitively. In general, quantities with su- 
per prime are associated with the price P,,. 
Half of the price distortion (GH) multiplied 
by q; — q; is the welfare loss. It is the area of 
the triangle HGF in Figure 1(b).* 

If the leaders were to act independently of 
each other, the quantity produced by them 
in the aggregate would be determined at a 
point between q; and q; (not shown in 
Figure 1), where a more elastic marginal 
revenue curve associated with a more elastic 
demand curve intersects with the aggregate 
marginal cost curve of the leaders denoted 
by MC,. The procedure of calculating the 
deadweight loss to society would then be the 
same as in the case of collusion. 

In order to generate empirical estimates of 
deadweight losses due to collusion or any 
other mode of oligopolistic behavior, nu- 
merical values have to be assigned to param- 
eters in equations (4)-(6). I assign a value 
ranging from ~1 to —10 to the price elastic- 
ity of the total demand curve (np). Perfectly 
elastic marginal cost curves were assumed by 
Harberger and others. Since horizontal cost 
curves are cumbersome in price leadership 
models, positively sloping curves with con- 
stant elasticity ranging in value from 1 to 10 
are assumed. For numerical convenience I 
assume that the competitive price (P) is $1, 


“The welfare loss can also be derived from a consid- 
eration of the following elements in Figure 1: Loss to 
consumers (area covered by diagonal stripes plus dotted 
area in panel a): (Pa — P.)[(qg + 94)/2]; Gain to price 
takers (area covered by diagonal stripes in panel a): 
(Pa — Pg, + g) /2); Gain to price leaders (rectangle 
covered by crosses in panel b): (P,,- P.)qf; Loss to 
price leaders (shaded triangle in panel b): (Pe — meg) gy 
— q7)/2. Deadweight loss to society is the loss to con- 
sumers plus the loss to price leaders, minus the gain to 
all producers. 
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and the quantity marketed at that price is 
100 units. Thus the aggregate demand coeffi- 
cient H is set at 100, and if the concentra- 
tion ratio is denoted by C, then the coeffi- 
cient G, of the supply of the price takers is 
set at (100 — C) while the coefficient G, of 
the aggregate marginal cost of the price 
leaders is set at C. I also assume that £) = £; 
=e, Assuming a Cournot mode of behavior 
among the M leaders, the noncompetitive 
price can be calculated by solving numeri- 


` cally for the following pair of simultaneous 


equations: 

(7) E=100P"-:—(100~—C)P® 

(8) (E/C)'7*=(E/M)[1/(100- np P" 
—(100—C)-e-P*-1)| + P. 


The parameter M is set equal to 4 if it is 
assumed that the four leaders follow a 
Cournot mode of behavior, and it is set at 1 
if it is assumed that the leaders collude. 
Once the noncompetitive price is calculated, 
the noncompetitive quantity produced by the 
four large firms is calculated from equation 
(7). This new quantity minus the initial rate 
of ‘production of the large firms is equal to 
the segment q; — q; in Figure 1(b). The mar- 


ŠIf we calibrate the price-leadership model such that 
at a competitive price of $1 the quantity cleared in the 
market is 100 units, and additionally if we substitute 
equations (4) and (5) into equation (1) we obtain equa- 
tion (7), where 100—C replaces G,, and C is the 
concentration ratio. Assuming M leaders, then E = 
£/4,0;, and dE/dQ;=1. Total revenue of the jth 
leader under a Cournot mode of behavior is R; = Q;P. 
Differentiating with respect to Q; we obtain 


MR, = dR, /dQ, = (E/M)(dP/dE)+ P, 


where E/M is equal to Q; under the assumption that 
the leaders have equal sizes. The marginal cost curve of 
a single leader obtained by dividing equation (6) by M 
and, recalling that G, =C and ez = £ = e, is S/M = 
(C/MX MCL), which may be expressed as MC, = 
(S,/C)”*. Since in equilibrium MC, = MR, (MC, = 
MC,), and S; = E, we obtain equilibrium condition (8). 
This equation may be solved numerically after substitut- 
ing 100P"* —(100—C) P* for E. The expression in the 
square brackets is dP/dE. 
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TABLE 2— DEADWEIGHT LOSS IN DOLLARS AND AS A PERCENTAGE OF GNP: 1977 


VOL. 76 NO. 4 
Collusion 
q=-1 £=] 
Deadweight Loss DeadWeight Loss 
Million Percent of Million Percent of 

€ Dollars GNP n Dollars GNP 

1 34,444,5 1.823 —1 34,4445 1.823 

2  24,216.9 1.282 —2 13,4451 0.712 

4 13,656.6 0.723 —4 4152.2 0.220 
10 5,548.9 0.294 —10 762.3 0.040 











Cournot 
‘gel e=] 
Deadweight Loss Deadweight Loss 
Million Percent of Million Percent of 
e Dollars GNP q Dollars GNP 
1 2,156.8 0.114 —1 2,156.8 0.114 
2 2,232.9 0.118 -2 790.7 0.042 
4 1,771.9 0.094 -4 249.5 0.013 
10 920.0 0.049 —10 46.8 0.002 





Note: In 1977 total shipments of manufacturing industries amounted to $1,287.118 billion. My sample of 445 4-digit 
industries accounted for $1,267.983 billion. Hence, the dollar figures of losses were blown up by a factor of 1.015 
before calculating the losses as percentages of GNP. In 1977, GNP was $1,918.0 billion. 


ginal cost of the large firms is obtained by 
substituting the calculated noncompetitive 
price and quantity (of the large firms) into 
equation (8). The calculated price minus the 
calculated marginal cost of the large firms is 
depicted by the segment P,, — mco in Figure 
1. The deadweight loss is one-half the prod- 
uct of the two calculated segments. The 
deadweight loss as percentage of the value of 
total output is obtained by dividing it by the 
expression HP"™*+! where P is the calcu- 
lated price, and H is set equal to 100. Price 

is depicted by P,, in Figure 1 if collusion 
is assumed. 

A sample of 445 4-digit SIC manufactur- 
ing industries taken from the 1977 Census of 
Manufactures was used in order to estimate 
the deadweight loss. The description of the 
data is set forth in the Data Appendix. Given 
a pair of ņy and e, I calculated for each of 
the 445 industries its percentage deadweight 
loss based on its four-firm concentration 
ratio, and then applied this percentage to the 
industry’s total value of shipments in order 
to obtain its dollar value of deadweight loss.® 


®As an illustration, consider industry 2034 with a 
concentration ratio of 37 percent and value of ship- 
ments of $1142.4 million. Assume yy = —1, e=1; recall 
that initially competition prevails and P, = $1, and total 
output is set at 100 units. Applying the numeric meth- 
ods that were discussed in the text the vertical dif- 
ference between the oligopolistic price and the marginal 
cost of the independent leaders is calculated at 0.055 
and the change in the rate of production of the leaders 
is calculated at 1.653. The loss is then —(1/2)-0.055- 


Finally, I aggregated the dollar values of the 
deadweight losses of the 445 industries, and 
divided it by the 1977 GNP in order to 
obtain the deadweight loss as percentage of 
GNP. The results are contained in Table 2. 
Under the assumption that the leaders 
collude and ņ = —1, the deadweight loss is 
1.823 percent of GNP for e=1, and only 
0.294 percent for e=10. Under the assump- 
tion that the leaders act independently, that 
is, in my model they follow a Cournot mode 
of behavior, and 7=—1, the deadweight 
loss is 0.114 percent of GNP for e=1, and 
only 0.049 percent for e=10. If demand 
elasticity is allowed to increase beyond —1, 
the estimate of the loss decreases very 
rapidly. It seems to me that while a unitary 
demand elasticity would be acceptable as a 


Be te a a N 
1.653 = — 0.04546. Since ny = —1 the loss figure is not 


deflated by HP"7*1. The dollar value of the loss is 
(— 0.04546 - 1142.4) /100 = —$0.518 million. Consider 
now the “crude” method of estimating the welfare loss 
associated with industry 2034. Utilizing equation (3), 
the elasticity of the net-demand curve E is ng= 
(100/37) — 1) — (63/37)() = — 4.4054. The elasticity 
perceived by an independent leader (M=4) in a 
Cournot environment is —4.4054-4 = —17.622. Thus, 
the loss as a percentage of sales is ` 


1 y 1 
Ce a aa a| 1/(— 4.4054) -1/1 





| = 0.048. 


Note that the crude 0.048 is about 5 percent higher than 
0.04546. j 
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TABLE 3— CONTRIBUTION TO THE DEADWEIGHT LOSS BY 
THE FIVE LEADING INDUSTRIES 


SIC Industry 

Code Description 

3711 Motor Vehicles 
and Car Bodies 

3714 Motor Vehicle Parts 

: and Accessories 

3861 Photographic Equipment 
and Supplies j 

2824 Organic Fibers, 
Noncellulosic 

3011 Tires and Inner Tubes 


Note: X =1200.864. 


rough representation of real life, supply elas- 
ticity could vary over a wide range extending 
from unit to infinity. Thus, the estimate of 
1.823 percent under collusion and 0.114 per- 
cent under a Cournot mode of behavior are 
adopted as the two upper limits of the esti- 
mates of the deadweight losses, respectively. 
The interesting result is that if the leaders do 
not collude, the upper limit of my estimate 
proves to be very close to Harberger’s one- 
tenth of 1 percent of national income calcu- 
lated for the late 1920's. 

As shown in Table 3, five industries 
account for $1,200.864 million of the loss. 
This is 55 percent of the total monopoly loss 
of $2,156.8 million. More important, motor 
vehicles (SIC 3711) and motor vehicle parts 
(SIC 3714) together account for $1,084.2 mil- 
lion, which is half of the total loss. This 
result confirms what Siegfried and Tiemann 
discovered earlier. 

My next step was to assume that in 
industries with a concentration ratio lower 
than 50 percent, the leaders follow a Cour- 
not mode of behavior; in industries with a 
concentration ratio equal to or exceeding 50 
percent, the largest firm dominates half of 
the share of the four leaders. It acts as the 
dominant firm by setting a monopolistic price 
based on the net demand curve confronting 
it; the rest of the firms equate their marginal 
cost curves with this price. The result is a 
deadweight loss of 0.124 percent of GNP. 





4-Firm Value 
Concentra- of Deadweight 
tion Shipments Loss 

Ratio $x10° $x 10° 
93 76,517.8 993.873 
62 35,750.8 90.327 
72 9,946.9 43.411 
78 6,379.7 38.041 
70 8,971.0 35.212 


The Census provides the eight-firm con- 
centration ratio. What if we assume that 
there are eight leaders who follow a Cournot 
mode of behavior? The answer is that, as- 
suming unitary elasticity, for a sample of 440 
industries, the deadweight loss amounted 
to 0.054 of 1 percent of GNP. The Data 
Appendix explains why 5 industries were 
omitted from the first sample of 445 in- 
dustries. 

It should be noted that in the earlier an- 
alysis, it was necessary to ignore the cross- 
price effects; accordingly this is a strictly 
partial-equilibrium analysis. That is, I as- 
sume that the demand curve for each in- 
dustry is independent of the prices of goods 
in other industries. Ignoring the cross-price 
effécts among the manufacturing industries 
biases upwards the partial-equilibrium es- 
timate. It is as if each industry were being 
subjected to a tax imposed and collected by 
its leading firms. When we look at the actual 
data of a real economy, we have many differ- 
ent industries, in each of which the leading 
firms are thought of as imposing and collect- 
ing a tax—a relatively large tax when they 
collude, a relatively smaller tax when they 
do not. In this case, there are intéractions re- 
sulting from the simultaneous consideration 
of different distortions in the different in- 
dustries. When all the distortions are posi- 
tive (as I assume) and where the relations 
among most goods are characterized by sub- 
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stitution (i.e. no complementarity), the in- 
teraction necessarily results in the reduction 
of the overall welfare cost.” The size of this 
reduction will vary from case to case. It 
depends not only on the average size of the 
distortions being imposed, but also on their 
variance and on the fraction of the economy 
covered by the “monopolized sector” (i.e., 
by that group of industries for which mo- 
nopoly distortions are being measured and 
their welfare cost assessed). 

Ignoring the relationship between the ag- 
gregate sector of manufacturing industries 
on one hand, and the rest of the economy on 
the other hand, might bias the welfare loss 
estimate slightly. The reason for this is that 
shifting of inputs. from the firms with mo- 
nopoly power to the rest of the economy will 
result in a small reduction in the prices of 
these inputs. An exercise in general equi- 
librium shows that such industrywide effects 
biases the partial-equilibrium estimate up- 
ward by a very small amount.® 


If following Harberger (1974, ch. 2), one thinks of 
the distortions being imposed sequentially in activities 1 
through k (k= 445), the first distortion generates a 
triangle of welfare cost. The second generates its own 
triangle of cost plus a rectangle of welfare gain due to 
the necessarily rightward shift of the demand for the 
first commodity induced by the imposition of the sec- 
ond distortion. The third distortion produces its own 
cost triangle, but now there are two rectangles of gain, 
owing to the rightward shifts of demand in the two 
already distorted activities. When the kth distortion is 
introduced, we get the final triangle of cost, this one 
accompanied by k ~1 rectangles of gain. It is possible 
under certain circumstances that the sequence of rectan- 
gles of gain thus generated will cancel (or even out- 
weigh) the losses represented by the triangles, but this is 
not possible in the exercises performed in this paper 
where it is assumed (a) that one starts from an undis- 
torted initial equilibrium, and (b) that large segments of 
the economy (service activities, etc.) are uncovered by 
the set of positive distortions imposed. 

®First, consider the partial-equilibrium analysis. Ini- 
tially the four potential leaders produced 40 percent of 
output X leaving 60 percent to the price takers. The 
competitive price is $1. After they collude, the leaders 
raise the price to $1.0455. The partial-equilibrium 
welfare loss due to collusive leadership is as follows: 
Loss to consumers, — 4.359; Gain to price takers, 2.733; 
Gain to leaders, 1.473; Loss to leaders, —0.602; 
Deadweight loss, — 0.754. Since manufacturing output 
amounts to 25 percent of GNP, the figure 0.754 trans- 
lates into 0.754/4 = 0.19 percent of GNP. Second, con- 
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In the following section, I perform a sta- 
tistical test that lends support to the hy- 
pothesis that the leaders are not engaged in 
collusive agreements, or if they do they en- 
gage in “secret” price cutting, such that their 
behavior is roughly approximated by a 
Cournot-Nash model. In that case, my re- 
sults will serve to confirm Harberger’s find- 
ings. 


Ill. Statistical Inference Against Collusion 


Which of the extreme values of the esti- 
mated loss is a closer refiection of reality 


sider a general equilibrium setting in which the utility is 
identical for all consumers and is homogeneous of de- 
gree one in two goods, X and Y. In particular, let the 
utility function be U = Y°75 X25, where X is the out- 
put produced by the manufacturing sector, and Y is the 
good produced competitively by the rest of the econ- 
omy. Such a utility function agrees with the fact that 
manufacturing output amounts to 25 percent of GNP. 
The homogeneity of the utility function guarantees that 
the welfare loss as indicated by the percentage change 
in the level of utility is equal to the increase in national 
income that would be necessary, at the monopoly prices, 
for consumers to enjoy the competitive utility level. 
Finally, the demand curves associated with this utility 
function are of unitary elasticity. Let X, and X, denote 
the output of the price takers and the leaders in the 
manufacturing sector. Let A denote the amount of 
some variable input used in the production of both Y 
and X. The three production functions-are 


Y=1.22474- 4°; X,=0.54772-A°>; X,=0.44721- A. 


These production functions give rise to marginal cost 
curves that are of unitary elasticities. Initially, the leaders 
produce 40 percent of X, but they sell it in a competi- 
tive market. The values of P,, P,, Pe, Y, Xo Xa, MC 
(of X,), and U are 0.01, 1, 1, 75, 15, 10, 1, and 56.988, 
respectively. They then collude and raise the price of X 
until their marginal revenue is equal to the marginal 
cost that they perceive, namely the ratio of the price of 
A over the marginal physical product of A, in the 
production of X,. The dominant firm solution is ob- 
tained by applying numeric methods. The results for P,,, 
P,, P., Y, Y,, X,, MC (of X,), and U are 0.00982, 
0.991, 1.035, 75.685, 15.811, 8.341, 0.819, and 56.885, 
respectively; the utility falls by 0.18 percent. Note that 
the deadweight loss in a model of general equilibrium of 
0.18 percent of GNP is slightly less than the partial- 
equilibrium deadweight loss of 0.754/4 = 0.19 percent 
of GNP. Thus, we may feel confident that our estimate 
of the welfare loss due to monopoly power in the 
manufacturing sector is upward biased on account of 
industrywide effects. 
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depends on which mode of behavior is 
thought to be more relevant, collusive or 
independent. I believe that a strong case can 
be made in favor of a Nash solution in 
which each oligopolist behaves optimal- 
ly given the decisions of his other rivals.’ 
Such noncollusive solutions are appro- 
priately identified not simply as Cournot but 
rather as leading to a Cournot-Nash equi- 
librium. Nevertheless, a measure of caution 
is justified. As George Stigler has pointed 
out, 


the ‘literature of collusive agreements, 
ranging from the pools of the 1880s to 
the electrical conspiracies of recent 
times, is replete with instances of the 
collapse of conspiracies because of 
“secret” price cutting. This literature is 
biased: conspiracies that are successful 
in avoiding an amount of price cutting 
which leads to collapse of the agree- 
ment are less likely to be reported or 
detected. [1964, p. 46] 


The nuli hypothesis is that the leaders 
collude, It would be ideal if it were possible 
to test the null hypothesis by relating em- 
pirically the deadweight loss to concėntra- 
tion. But the deadweight loss is not observ- 
able. Accordingly, I calculate for each 
industry the supernormal profit which is 
closely associated with the deadweight loss, 
and test its correlation with the concentra- 
tion ratio. Using data from the 1977 Census 
of Manufactures, the cost is defined as the 
sum of total labor cost, the average of assets 
and inventories at the beginning and end of 
the year multiplied by the rate of interest, 
depreciation charges, and rental payments. 
Profit is then defined as value-added minus 
cost. To standardize the profit variable I 
divide it by value-added. The rate of interest 
chosen is 5 percent. A detailed description of 
the data which contain 445 industries is pro- 
vided in the Data Appendix. 

The result of regressing the standardized 
profit (II) on the four-firm concentration 
ratio (C) is summarized by the following 


°For an excellent exposition, see Jack Hirshleifer 
(1974, ch. 10). 
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TABLE 4— SIMULATED PROFIT DEFLATED BY THE 
VALUE OF PRODUCTION UNDER COLLUSION 
OF PRICE LEADERS? 


e: Elasticity of Supply of Price Takers 


on ee and Aggregate Marginal Cost Curve 
tration of Price Leaders 

Ratio 1 10 100 
10 0.2393 0.0765 0.0089 
20 0.9269 0.2891 0.0340 
30 2.0435 0.6275 0.0733 
40 3.6038 1.0986 0.1283 
50 5.6624 1.7265 0.2016 
60 8.3333 2.5645 0.2998 
70 11.8410 3.7214 0.4364 
80 16.6667 ` 5,4549 0.6438 
90 24.1497 8.6119 1.0306 


2 Demand elasticity equals — 1. 


equation: 


(9) IL= 0.332+0.001C +e, 
(22.36) (3.02) 


where the t-ratios are shown in parentheses, 
the F-ratio is 9.05, and the R-square is 0.02. 
The estimate of the intercept is very signifi- 
cant. It tells us that, ceteris paribus, manu- 
facturing industries could expect that profit 
as defined above would amount to 33 per- 
cent of value-added. The slope of the con- 
centration ratio is very small but significant. 
It tells us that profit would rise by one-tenth 
of 1 percent per one-percentage-point rise in 
the concentration ratio. As an example, if 
the concentration ratio of an industry were 
to increase from 40 to 70 percent, profit 
would increase by 3 percent of value-added. 
The null hypothesis is that the leaders 
collude. For an industry with a demand elas- 
ticity of —1 and supply and aggregate mar- 
ginal cost of various elasticities, I simulated 
the profits deflated by the value of produc- 
tion for nine levels of concentration. The 
results of the simulation are shown in Table 
4. Regressing the simulated deflated profits 
(col. 2, e=1) on the concentration ratios 
(col. 1) yielded the following equation: 
(10) TI = — 0.058 +0.003C. 
(—2.83) (7.68) 
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Under the assumption of unitary supply 
elasticity and collusion, standardized profit 
would increase by 9 percent if the concentra- 
tion ratio of such an industry were to in- 
crease from 40 to 70 percent. This is three 
times as great as that estimated by equation 
(9) which reflects the real world. 

If the supply elasticity is increased to 10, 
then regressing the simulated deflated profits 
(col. 3, e=10) on the concentration ratios 
yields the following: 


(11) IL=—0.021+0.001¢. 
| (—2.48) (6.38) 


The slope of the concentration ratio in equa- 
tion (11) is the same as the slope in equation 
(9). The significance of this result is that if 
we assume that the supply elasticity is equal 
to 10, we cannot reject the null hypothesis 
that the leaders collude. However, a glance 
at Table 1 tells us that increasing the supply 
elasticity from unity to 10 would result in 
cutting the deadweight loss by three-fourths: 
For a concentration ratio of 40 percent, we 
have 0.188 /0.756 = 0.249. That is, as shown 
in Table 2, instead of an estimate of 0.114 of 
1 percent of the value of output under the 
assumption of supply curves of unitary elas- 
ticity and a Cournot mode of behavior, the 
deadweight loss under the assumption of 
supply curves with an elasticity of 10 and a 
collusive behavior would amount to 0.249 of 
1 percent of GNP. This seems to be the 
upper limit of the deadweight loss to society 
due to monopoly power in manufacturing 
industries. 


IV. Summary 


Harberger (1954) and researchers who fol- 
lowed in his footsteps estimated the dead- 
weight loss to society from monopoly power 
in manufacturing industries by applying a 
model in which the marginal cost curve is 
infinitely elastic, the aggregate demand curve 
is of unitary elasticity and the loss is the area 
of the triangle under the demand curve 
formed by fitting the difference between the 
observed price and calculated marginal cost. 
My study was motivated by the simple em- 
pirical finding that in most manufacturing 
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industries output is produced by many small 
firms and a few giants that coexist side by 
side. For an almost exhaustive sample of 445 
4-digit SIC industries taken from the 1977 
Census of Manufactures, the weighted aver- 
age of the number of companies was calcu- 
lated at 1508, and the weighted average of 
the four-firm concentration ratio at 37.76. 
These two statistics lend strong support to 
an observation made by Worcester (1975) 
and Harberger (1974) that oligopoly theory 
implies that welfare losses should be based 
on more elastic demand curves facing indi- 
vidual firms, rather than on industry demand 
curves. I extended this idea to a price leader- 
ship model in which the leaders confront a 
net demand curve derived by subtracting the 
supply curve of the small firms from the 
total industry demand curve. For purposes 
of comparison I selected industry demand 
curves of unitary elasticity. Since infinitely 
elastic marginal cost curves are not ap- 
propriate for a price leadership model, I 
opted to assume finite elasticities. In com- 
parison with earlier research, this assump- 
tion biases the results towards an overesti- 
mation of the welfare loss since the less 
elastic the supply curve of the price takers 
and the marginal cost curves of the leaders, 
the larger the deadweight loss. Although the 
ideas advanced by Stigler coupled to a 
Cournot-Nash process of reaching equi- 
librium convince me that the leaders behave 
like independent oligopolists, I estimated and 
contrasted deadweight loss for the sample of 
445 industries under the assumption of col- 
lusion and under the assumption of a Cour- 
not mode of behavior. The collusion esti- 
mate serves as a null hypothesis to be tested. 

Under the assumption that the leaders 
collude, the deadweight loss was estimated 
at 1.823 percent of GNP, and under the 
assumption of a Cournot mode, it was esti- 
mated at 0.114 percent of GNP. These two 
estimates are derived under the assumption 
that the supply elasticity is equal to unity. 
By regressing profits deflated by value-added 
on concentration ratios in a sample of 445 
industries I could reject the collusion hy- 
pothesis provided that the supply elasticity is 
equal to one. If supply elasticity is on the 
order of magnitude of 10 or more, the collu- 
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sion assumption cannot be rejected, but then 
the order of magnitude of the deadweight 
loss to society is 0.294 percent of GNP, 
enough to treat every family to two steak 
dinners and also closé to Harberger’s esti- 
mate. Assuming that industries with a con- 
centration ratio in excess of 50 percent be- 
have according to a single dominant-firm 
model, where the single firm has one-half of 
the four-leader share, and the industries with 
a concentration ratio smaller than 50 percent 
follow a Cournot mode, resulted in a loss 
estimate of 0.124 percent of GNP. Finally, 
utilizing a sample of 440 industries, I esti- 
mated: the deadweight loss under the as- 
sumption that the eight largest firms in each 
industry follow a Cournot mode at 0.054 
percent of GNP. This is the lowest estimate 
in the set. 

My conclusion is that estimates of the 
deadweight loss to society derived from an 
industry model characterized by price lead- 
ership lend strong support to Harberger’s 
findings of thirty years ago. 


DaTA APPENDIX 


All data are taken from the U.S. Bureau 
of the Census, Census of Manufactures, 1977, 
Vol. 1. 

Number of firms (companies), concentra- 
tion ratios (C-4, and C-8) and total ship- 
ments are obtained from Concentration Ratios 
in Manufacturing, Table 7. 

Value-added by manufacture, rather than 
value of shipments are given for industries 
2011, 2013, 2271, 3312, 3331, 3332, 3573, 
and 3585, because their values of shipment 
contain a substantial and unmeasurable 
amount of duplication. 

Labor costs figures are obtained from Gen- 
eral Summary, Table 2. 

Value-added and inventories at the be- 
ginning and end of year, respectively, are 
taken from General Summary, Industry Sta- 
tistics. 

Assets at the beginning and end of year, 
depreciation charges and rental payments 
are obtained from Gross Book Value of De- 
preciable Assets, Capital Expenditures, Re- 
tirements, Depreciation and Rental Payments, 
Table 2. 
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The first sample contains 445 4-digit SIC 
industries out of an exhaustive list of 450 
industries. This sample is used in analysis 
focusing on the four-firm concentration 
ratios. Industries 2111, 2823, 3572, 3647, and 
3661 were not included because the Census 
does not provide the four-firm concentration 
ratio for these industries. Industry 3332 has 
a concentration ratio of 100 percent. Since I 
assume an aggregate demand curve of unitary 
elasticity and a model of price leadership, I 
had either to drop that industry or slightly 
change its concentration ratio, I opted to 
lower its concentration ratio to 95 percent. 

The second sample contains 440 4-digit 
SIC industries drawn from the first sample. 
The second sample is used in analysis focus- 
ing on the eight-firm concentration ratio. It 
is obtained by deleting industries 2661, 3031, 
3263, and 3633 for which the Census does 
not provide the eight-firm concentration 
ratio. In industries 2296, 2895, 3331, and 
3333, the eight-firm concentration ratio was 
changed from 100 percent to 95 percent. 

The omission of 5 industries from the first 
sample and 10 industries from the second 
sample cannot affect the results significant- 
ly. The 10 omitted industries contributed 
less than 2 percent of the total value-added 
in 1977. 


REFERENCES 


Bell, Frederick W., “The Effect of Monopoly 
Profits and Wages on Prices and Con- 
sumer Surplus,” Western Economics Jour- 
nal, June 1968, 6, 233-41. 

Gisser, Micha, “Welfare Implications of Oli- 
gopoly in Food Manufacturing,” Amer- 
ican Journal of Agricultural Economics, 
November 1982, 64, 616-24. 

, “Price Leadership and Dynamic 
Aspects of Oligopoly in U.S. Manufactur- 
ing,” Journal of Political Economy, De- 
cember 1984, 6, 1035-48. 

Harberger, Arnold C., “Monopoly and Re- 
source Allocation, “American Economic 
Review Proceedings, May 1954, 44, 77-87. 

, Taxation and Welfare, Boston: Lit- 
tle, Brown, 1974. 
Hirshleifer, Jack, Price Theory and Applica- 





VOL. 76 NO. 4 


tions, 3rd ed., Englewood Cliffs: Prentice- 
Hall, 1974. 

Kamerschen, David R., “An Estimation of the 
‘Welfare Losses’ from Monopoly in the 
American Economy,” 
Journal, Summer 1966, 4, 221-36. 

Kendrick, John W. and Grossman, Elliot S., Pro- 


ductivity in the United States, Trends and ` 


Cycles, Baltimore: Johns Hopkins Univer- 
sity Press, 1980. 

Lustgarten, Steven, “Gains ‘and Losses from 
Concentration: A Comment,” Journal of 
Law and Economics, April 1979, 22, 183- 
90. 

Peltzman, Sam, “The Gains and Losses from 
Industrial Concentration,” Journal of Law 
and Economics, October 1977, 20, 229-63. 


Schwartzman, David, “The Burden of Mo- 


Western Economic 





GISSER: PRICE LEADERSHIP AND WELFARE LOSSES . 767 


nopoly,” Journal of Political Economy, De- 
cember 1960, 68, 627-30. 

Siegfried, John J. and Tiemann, Thomas K., “The 
Welfare Cost of Monopoly: An Inter-In- 
dustry Analysis,” Economic Inquiry, June 
1974, 12, 190-202. 

Stigler, George J., “A Theory of Oligopoly,” 
Journal of Political Economy, February 
1964, 72, 44-61. 

Worcester, Dean A., Jr., “New Estimates of 
the Welfare Loss to Monopoly: U.S. 
1956-69,” Southern Economic Journal, Oc- 
tober 1973, 40, 234-46. 

“On Monopoly Welfare Losses: 
Comment,” American Economic Review, 
December 1975, 65, 1015-23. 

U.S, Bureau of the Census, Census of Manufac- 
tures, Washington, 1977. 


Child Support, Welfare Dependency, and Poverty 


By PHILIP K. ROBINS* 


This paper presents an empirical analysis of the effect of child support en- 
forcement policies on poverty and welfare dependency among female-headed 
families. A special supplement to the April 1982 Current Population Survey 
provides the data for the analysis. The results suggest that child support en- 
forcement may represent an effective means for reducing welfare program costs, 
but is unlikely to have a dramatic effect on reducing either poverty or welfare 


dependency. 


Female-headed families have among the 
highest poverty rates of any major demo- 
graphic group in the United States. In 1982, 
48 percent of all female-headed families were 
poor, compared with 10 percent of other 
types of families (U.S. House of Representa- 
tives, 1983a). Despite the fact that only one- 
fifth of all families with children are headed 
by women, this group constitutes the major- 
ity (55 percent) of all poor families. 

With an increasing rate of illegitimacy and 
a high divorce rate, the size of the female- 
headed population continues to grow.' In 
1960, there were 1.9 million female-headed 
families in the United States, or 7 percent of 
all families. By 1983, the number of female- 
headed families totaled 5.7 million, or 19 
percent of all families (U.S. Department of 
Health and Human Services, 1983). 


*Professor of Economics, University of Miami, Coral 
Gables, FL 33124. I acknowledge the helpful comments 
of Irwin Garfinkel, Robert Moffitt, participants in 
workshops at the University of Wisconsin, Syracuse 
University, and the University of Miami, and three 
anonymous referees. I also thank William Greene for 
helpful econometric advice and Henry Sniezek and 
Moises Tacle for dedicated research assistance. A major 
portion of this research was supported by funds pro- 
vided to the Institute for Research on Poverty, Univer- 
sity of Wisconsin, by the Department of Health and 
Human Services under the Small Grants for Visitors 
Program, Grant No. 40A-83. The opinions expressed in 
this paper are my own and should not be construed as 
representing the opinions of any government agency. 

‘About 1.2 million divorces occur annually in the 
United States (compared with about 2.4 million mar- 
riages) and the rate of illegitimate births increased from 
5.3 percent in 1960 to 18.9 percent in 1981 (U.S. De- 
partment of Commerce, 1985). 
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The increase in the number of female- 
headed families has resulted in a growing 
number of children not living with both 
natural parents. Several authors, including 
Daniel Moynihan (1981), Larry Bumpass and 
Ronald Rindfuss (1979), and Frank Fursten- 
berg et al. (1983) have projected that by the 
year 2000, as many as one-half of all children 
born in the United States will not have spent 
their entire childhood living with both natu- 
ral parents. If these projections bear out, it is 
quite possible that the overall incidence of 
poverty and welfare dependence in the 
United States will increase significantly un- 
less new policies are developed for increas- 
ing the economic well-being of female-headed 
families. 

The traditional approach adopted by 
policymakers to reduce poverty and welfare 
dependency in female-headed families has 
centered on increasing the employment of 
the mother.* While such policies may have 
had an impact, they have raised important 
and difficult tradeoffs concerning the well- 
being of the younger children. Nevertheless, 
despite the existence of work requirements, 


?One such attempt is the Work Incentive (WIN) 
program which requires Aid to Families with Depen- 
dent Children (AFDC) mothers with children over the 
age of 6 (over the age of 3 under current proposals) to 
be available for work or training programs. Refusal to 
accept WIN services can result in lost of AFDC eligibil- 
ity. Most welfare programs impose some form of work 
requirement as a condition of eligibility for receipt of 
benefits. 
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few women on welfare hold jobs,? and the 
incidence of poverty remains high for this 
group. 

One important alternative (or perhaps 
complement) to policies aimed at increasing 
employment of the mother is to collect child 
support from the absent father. Such an 
approach has been receiving greater atten- 
tion in recent years. In 1975, Congress 
established the Child Support Enforcement 
Program as Part D of Title IV (IV-D) of the 
Social Security Act.4 The IV-D legislation 
requires each state to develop a child sup- 
port enforcement program that provides 
services for establishing paternity, locating 
absent parents, establishing child support 
obligations, and enforcing such obligations. 
The states are required to provide these 
services to all AFDC families and to non- 
AFDC families who request such services.’ 
To facilitate collection across states, a federal 
Parent Locator Service was established with 
access to federal data files on individuals, 
including Social Security Administration 
earnings records and Internal Revenue Ser- 
vice tax records. 

Very few women on welfare receive child 
support from the absent father. According 


3According to the 1979 AFDC Recipient Characteris- 
tics Study, a random survey of welfare caseworkers, only 
about 15 percent of women receiving AFDC benefits 
held full- or part-time jobs in the survey month (March). 
It should be noted that in this paper, welfare depend- 
ency is characterized in terms of participation in the 
AFDC program. It should be understood, however, that 
other means-tested programs, such as food stamps, sup- 
plemental security income, medicaid, and housing assis- 
tance, also constitute part of what is generally termed 
the “welfare system” in the United States. 

4A detailed discussion of the legislative history of 
Title IV-D is given in U.S. Department of Health, 
Education, and Welfare (1976). 

5In all but two states (Mississippi and South 
Carolina), child support collections made on behalf of 
AFDC families are used to offset AFDC benefit amounts 
on a dollar-for-dollar basis. Because the AFDC mother 
does not gain financially from receipt of child support 
(as long as she remains on the welfare rolls), she has no 
incentive to seek child support or to report any collec- 
tions to the welfare authorities. Hence, as a condition of 
eligibility for receipt of benefits, AFDC authorities re- 
quire AFDC mothers to assign their support rights to 
the IV-D agency, who in turn pursues collection. 

®Yoram Weiss and Robert Willis (1985) present an 
economic model explaining why absent parents fail to 
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to data from the Current Population Survey 
(CPS) for 1981, only 15 percent of full-year 
recipients of AFDC benefits received child 
support and only 28 percent had a formal 
child support award.’ Clearly, there are a 
large number of absent fathers who are con- 
tributing nothing to the support of their 
children. However, the problems encoun- 
tered in collecting support are reflected in 
the fact that almost one-half of the children 
in AFDC families had parents who were not 
married, and in 47 percent of the cases, the 
whereabouts of the father is reported as un- 
known, although the true percentage of miss- 
ing fathers is probably less because the im- 
plicit 100 percent tax rate on child support 
income by the AFDC program creates incen- 
tives for the mothers to conceal this informa- 
tion. 

Despite difficulties in collecting support, 
the IV-D Program has grown steadily since 
its inception. In fiscal year 1983, child sup- 
port collections on behalf of AFDC families 
totaled $880 million, or about 6.6 percent of 
AFDC benefits paid (U.S. Department of 
Health and Human Services, 1983). Collec- 
tions were over $1.1 billion for non-AFDC 
families.” 


pay child support. They argue that children may be 
viewed as collective consumption goods and that upon 
divorce, the absent parent loses control over the alloca- 
tion of family resources and hence, reduces the amount 
spent on maintenance of the children. This effect is 
distinct from the disincentive created by the welfare 
system in providing resources for the children of di- 
vorced parents. 

7Although the CPS is known to undercount the 
number of families receiving AFDC benefits and is 
suspected to undercount the number of AFDC families 
receiving child support (because the IV-D agency makes 
the collections), these figures are corroborated by data 
from the 1979 AFDC Recipient Characteristics Study as 
well as from other sources. By way of contrast, 45 
percent of non-AFDC women received child support in 
1981 and 55 percent had a formal child support award. 
One should not conclude from these figures, however, 
that lack of child support is the most important factor 
contributing to welfare dependence. 

® Never-married mothers constitute about one-quarter 
of all female-headed families in the United States, 
according to the April 1982 CPS. 

°Official statistics on child support collections for 
non-AFDC families should be viewed with caution be- 
cause they are suspected of being highly inaccurate, 
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Two important changes have occurred re- 
cently in the IV-D Program that are likely 
to increase collections in the future. First, 
section 2331 of the Omnibus Reconciliation 
Act of 1981 (P.L. 97-35) authorizes the In- 
ternal Revenue Service (IRS) to withhold 
federal income tax refunds for persons seri- 
ously delinquent in child support payments 
to AFDC families. The Office of Child Sup- 
port Enforcement, the federal agency that 
administers the program, acts as the agent of 
IRS in the tax-refund intercept process. This 
is the first time the IRS has participated in a 
major collection activity not directly related 
to tax liabilities. It signifies an important 
new direction in social policy legislation in 
the United States. 

The second important change in the IV-D 
Program is that it appears to be focusing 
greater attention on non-AFDC families. The 
main purpose of the non-AFDC component 
of the program is “cost avoidance”; that is, 
preventing families from going on AFDC 
(and other welfare programs) by collecting 
child support payments. The Child Support 
Enforcement Amendments of 1984 (P.L. 
98-378), signed into law by President Reagan 
in August 1984, are designed to aid non- 
AFDC families in collecting child support. 
The most important feature of this new legis- 
lation is that it authorizes mandatory wage 
withholding of child support from delin- 
quent parents. The legislation requires em- 
ployers to withhold child support from 
paychecks, just as they do for federal and 
state income taxes, when the child support 
payments are not being made on a regular 
basis. 

With increased federal and state involve- 
ment in child support enforcement, there has 
emerged a significant need for developing 
ways of evaluating the government’s role in 
this area. The objective of this paper is to 


possibly overstating true collections by as much as 
several hundred million dollars (U.S. Department of 
Health and Human Services, 1982b). 

10States are also required to have similar programs 
for state tax refunds, and laws exist in several states to 
withhold Unemployment Insurance benefits from delin- 
quent absent parents. 
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investigate empirically the effectiveness of 
current child support policies and to de- 
termine their role in reducing welfare de- 
pendency and poverty. To accomplish this 
objective, I first develop and estimate a model 
that shows how receipt of child support in- 
fluences the welfare participation decision. I 
then specify a regression model in which the 
effects of the child support enforcement pro- 
gram on receipt of child support are esti- 
mated. Because the data used to estimate 
program effects are not experimental, par- 
ticular attention is paid to various forms of 
self-selection bias that can invalidate the re- 
sults. Finally, the results are used to simulate 
the effects of various child support policies 
on welfare dependency, poverty, and welfare 
costs. The data used to investigate these 
issues are from a special supplement to the 
April 1982 CPS in which detailed informa- 
tion about child support and welfare receipt 
was collected from a nationally representa- 
tive sample of women with children. 

The remainder of this paper is organized 
as follows. In Section I, the theoretical and 
empirical model of AFDC participation is 
presented. In Section II, the results of the 
AFDC participation model are used in con- 
junction with data on the Child Support 
Enforcement Program to derive estimates of 
the effect of the program (as it existed in 
1981) on receipt of child support. In Section 
HI, the empirical findings are used to simu- 
late the effects of various child support en- 
forcement policies on welfare dependency, 
poverty, and welfare costs. Finally, in Sec- 
tion IV, the main conclusions are sum- 
marized. 


I. A Model of Welfare Dependency 
A. Theoretical Framework" 


A female-headed family is assumed to 
participate in the AFDC program if par- 


The model presented in this section is similar in 
many respects to models analyzed by myself and Richard 
West (1980), Orley Ashenfelter (1983), and Robert 
Moffitt (1983). However, unlike the model analyzed by 
Moffitt, there is no attempt to explicitly parameterize 
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‘icipation increases its utility. Consider a 
‘amily that is hypothesized to maximize 
1 monotonic, strictly quasi-concave utility 
unction U( H, Y), where H is hours of work, 
Y is expenditures on market goods, Uy < 0, 
Jy > 0, Uny < 0, Uyy < 0, and Uyy < 0. The 
yudget constraint for the family is Y= WH 
+ N + PB, where W is the wage rate, N is 
1onwage income other than AFDC (primar- 
ly child support), P is a binary (1,0) vari- 
ible indicating whether or not the family 
‘eceives AFDC benefits, and B is the level 
of AFDC benefits. The AFDC benefit for- 
nula may be written as B =G — N — tWH, 
where G is the AFDC guarantee level (benefit 
when all other sources of income are zero) 
and t is the implicit AFDC tax rate.” Using 
the AFDC benefit formula, the budget con- 
straint can be rewritten as Y= WH(1— Pt) 
+ N(1— P)+ PG. 

Maximization of the utility function sub- 
ect to the budget constraint yields a set of 
əquations determining Y, H, and the mar- 
zinal utility of income as functions of W, P, 
', N and G. Substituting these solution equa- 
ions into the direct utility function yields 
he indirect utility function V=V(WO- 
Pt), N(1— P)+ PG). 

Denoting V! as the value of V for AFDC 
recipients and V° as the value of V for 
aonrecipients, yields the AFDC participa- 
jon decision: participate in AFDC if AV = 
V'—V°> 0, do not participate otherwise. 

Using this decision framework, it is evi- 
lent that increases in child support reduce 
he probability of participating in AFDC. 
This is because increases in N raise V° but 
aot V1, since N does not appear in Vt. 
Hence, increases in child support reduce the 
AFDC break-even point (given by H,=(G 





welfare stigma and no attempt to impose a particular 
functional form on the utility function. For other recent 
models of welfare participation, see Mark Plant (1984) 
and Rebecca Blank (1985). 

12 This is a simplification of the actual AFDC benefit 
formula used in practice. The exact formula is given in 
my 1984 paper. Also, note that this specification ab- 
stracts from the positive tax system and other tax and 
transfer programs that are income conditioned. 
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—N)/Wt) and reduce the likelihood the 
family will be eligible for the program.’° 

A second-order Taylor-series expansion of 
AV around the (unobserved) nonrecipient 
equilibrium position (V°) yields 


(1) AV=V,(G-N)+V,,(—Wt) 
+1/2Vyy(G—-N)+1/2Vyy(Wt) 
+ Vyy(G— N)(— Wr) +remainder, 


where G— N is the change in net nonwage 
income and — Wt is the change in the net 
wage rate induced by the AFDC program. 

Assuming an upward-sloping labor supply 
function, it is expected that Vy > 0, Vy > 0, 
Vyn > 0, Vyyw> 0, and Vyy <0. In reality, 
all of these partial derivatives are likely to 
vary across families, but in the empirical 
work below only their average values in the 
sample are estimated.'4 

This specification provides a convenient 
framework for calculation of income and 
substitution effects. This can be seen by 
making use of Roy’s identity, which is given 
by H)=Vy/Vy (see Eugene Silberberg, 
1978, or James Henderson and Richard 
Quandt, 1980). Differentiating Roy’s identity 
with respect to N and W, and using the 
Slutsky equation gives the income effect, 


(2) 0H, /dN = (VV wn T VwVnn)/ VR 


T (Van = HVyn)/ Vy» 


13 For certain families, G — N may be actually nega- 
tive and a break-even point will not exist. These are 
primarily families with high child support payments 
who reside in a low guarantee state. Nonwage income N 
does not appear in V° because of the assumption that it 
is taxed at the rate of 100 percent by the AFDC 
program (which, as indicated earlier, is true in all but 
two states). 

14For example, if a linear labor supply function is 
specified (H = a+ bW + cN), then V, =V7c7e"H, Vy 
=V? ceW, Vyp =Vcee (Vb +2HVy + VHc), Vyy 
=2c7eWVV,, and Vyy =Vc?e (Ve +2Vy), where 
V =(Se')~1, S being the substitution effect (b — cH) 
and J the total income elasticity (cW). This specifica- 
tion has been used by Moffitt, among others. 
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and the substitution effect, 
= (Vipw —2HV yw + HêVyy)/ Vy- 


Hence, estimates of the five partial deriva- 
tives of (1) provide enough information to 
calculate income and substitution effects at 
the nonrecipient equilibrium position. 

The first- and second-order terms in (1) 
may be conveniently interpreted in terms of 
mechanical and behavioral effects on par- 
ticipation (see Orley Ashenfelter). Mechani- 
cal effects determine participation solely 
through income eligibility for the program 
(i.e, in the absence of any labor supply 
effects caused by changes in the net wage 
rate and net nonwage income). Behavior- 
al effects determine participation through 
changes in labor supply that make an other- 
wise ineligible person eligible for benefits. 
Using Roy’s identity and ignoring the re- 
mainder term, (1) can be rewritten as 


(4) AV=V, |» +1/2(Wt) 


| 


G-N\? 

+ Va| =| /Vy iI, 
where B = G — N—tWH, is the AFDC ben- 
efit evaluated at the nonrecipient equilibrium 
position. 

Equation (4) decomposes the participation 
decision into these two components. The 
first component, B, indicates that participa- 
tion occurs if the AFDC benefit, calculated 
at the nonrecipient position, is positive. The 
second component, which is necessarily posi- 
tive so long as G> N, indicates that par- 
ticipation may occur even if the person is 
initially ineligible for benefits (above the 
break-even level). Using equation (3) along 
with the fact that H, = (G — N)/W1, (4) can 
be rewritten as 


G-N 
Vow -Wan a ) 





(5) - Av=Vy[_B+1/2(W2)’s,], 
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where S, is the substitution effect at the 
break-even level. Equation (5) is the utility 
equivalent of the excess expenditure function 
analyzed by Ashenfelter, where V, is the 
appropriate conversion factor. 

At the break-even level, (5) says that the 
person participates if S,>0 (ie, if the in- 
difference curves are not right angles). Above 
the break-even level (B < 0), the person par- 
ticipates if S,>2|B|/(Wt)*, assuming ra- 
tional behavior and no stigma. 

This discussion suggests two different for- 
mulations that can be tested empirically; 
equation (1) which yields estimates of in- 
come and substitution effects at the nonre- 
cipient position and equation (5) which yields 
an estimate of the substitution effect at the 
break-even level. As indicated in the next 
section, a third formulation is also tested 
which constrains the uncompensated wage 
effect at the nonrecipient position to be zero. 
These three estimation procedures represent 
different assumptions about which partial 
derivatives are treated as parameters for pur- 
poses of estimation. In equation (1), Ho, Vy, 
Vw, Van» Vww, and Vyy are treated as 
parameters to be estimated. In equation (5), 
V, and S, are treated as parameters to be 
estimated. In the third formulation, Vy, Vy, 
and Vy, are treated as parameters to be 
estimated and Vy and Vy, are assumed to 
be zero. All of these estimates can be used to 
assess the relative importance of mechanical 
and behavioral effects on the AFDC par- 
ticipation decision. 


B. Estimation 


If the remainder in (1) is assumed to be 
normally distributed with unit variance, then 
(1) becomes simply a probit model. Because 
AFDC is a monthly program, proper estima- 
tion of (1) requires monthly data on AFDC 
participation. Unfortunately, the data file 
used to estimate the model (the 1982 CPS) 
does not contain monthly data on AFDC 


15As indicated earlier, Moffitt develops a model of 
AFDC participation in which there may be stigma 
associated with participation. In his model, participa- 
tion may not always occur when B > 0. 
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participation. However, the CPS does con- 
tain information sufficient for estimating a 
model determining the number of months on 
AFDC during the survey year, or equiv- 
alently, the fraction of the year spent on 
AFDC (number of months divided by 12).'* 
Thus empirically, the focus is on the AFDC 
participation decision over a 12-month per- 
iod rather than in any given month. The 
model actually estimated has the general 
form of a two-limit probit (Tobit) regression 
model (see Richard Rosett and Forrest Nel- 
son, 1975).!7 


C. Data and Variables 


The data, as indicated earlier, are from a 
special supplement to the April 1982 Current 
Population Survey. This survey is the second 
attempt by the Department of Commerce to 
obtain detailed information about child sup- 
port arrangements of families in which the 
children are not living with both natural 
parents.'® Although the survey covers fami- 


‘©The CPS does not contain information on whether 
the months of AFDC participation coincide with receipt 
of earnings, child support, or other income, which is a 
significant weakness for studying transfer programs that 
use a monthly accounting period. The newly developed 
Survey of Income and Program Participation, which was 
not available at the time this study was undertaken, 
should rectify these difficulties because it collects trans- 
fer program data on a monthly basis. 

For families receiving AFDC benefits for only part 
of the year, the CPS does not identify the number of 
months benefits were received, only that they were 
received for part of the year. As Rosett and Nelson 
show, this information is sufficient to identify all the 
parameters of the model. The model distinguishes three 
groups of individuals: full-year recipients, partial-year 
recipients, and nonrecipients. The log likelihood func- 
tion is L = log[Prob( F = 0)]+ log[Prob(0 < F <1)]+ 
log[Prob( F =1)], where F is the fraction of the year 
participating in AFDC. 

18The first survey took place in April 1979 and the 
most recent survey took place in April 1986. There are 
also plans to continue the survey on a regular basis. 
Each child support survey has been merged (by the U.S. 
Census Bureau) with the March CPS of that year. Thus, 
in addition to child support information, the public use 
files contain a considerable amount of economic and 
demographic information for each family. See U.S. 
Department of Commerce (1981, 1983) for a description 
of the first two surveys. 
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lies in which the mother is currently either 
married or unmarried, the focus in this paper 
is on families with only one parent in the 
home because these families are at greater 
risk of becoming dependent on welfare. The 
1982 CPS is particularly useful for this study 
because it contains information on partici- 
pation in the AFDC program as well as 
on various services performed by administra- 
tors of the Child Support Enforcement Pro- 
gram on behalf of AFDC and non-AFDC 
families.!° 

The main variables included in the em- 
pirical participation model are those con- 
tained in equation (1), namely G— N and 
Wt.” In addition, some control variables are 


19As indicated earlier, although the CPS is known to 
understate the number of families receiving AFDC ben- 
efits, it is not known whether the unidentified families 
are a random subset of the CPS population. If they are 
a random subset, the estimates presented in this paper 
will not be biased. 

20Because gross wage rates are not observed for 
nonworkers, wages for the entire sample were imputed 
using the James Heckman (1979) two-step method. The 
coefficients used in the imputations are presented in my 
1984 paper. The imputations are not conditioned on 
actual work status (the unconditional expectations are 
used). Variables in the wage equation include dummy 
variables for geographic region, city size, race/ethnicity, 
and being a high school graduate, and quadratic terms 
for education and work experience. The probit selection 
equation contains the same variables plus dummy vari- 
ables for headship status, homeownership, marital status, 
and the amount of nonwage income received in 1981. 
The selectivity bias correction term is not statistically 
significant in the wage equation, consistent with previ- 
ous findings for women. Tax rates used in calculating £ 
were obtained using a modified version of the procedure 
proposed by Robert Hutchens (1978). Details are given 
in my 1984 paper. Prior to 1982, ¢ varied across states 
because of the deductibility of work expenses which 
increased with earnings. Hence, the AFDC tax rate 
consisted of the statutory rate (.67 in 1981) less the 
increase in work expenses per dollar increase in earn- 
ings. In 1982, the AFDC regulations changed when 
work expenses were standardized and the basic tax rate 
was increased to 100 percent (after 4 months of earn- 
ings). These changes were implemented after the time 
period covered in this study. In our sample, the mean W 
is $4.58 and the mean ż is .39. Guarantee levels used for 
calculating G were obtain from U.S. Department of 
Health and Human Services (1981, 1982). These 
guarantee levels varied both across states and by family 
size. In 1981, for a family of 4, G ranged from a low of 
$122 in Mississippi to a high of $560 in Vermont. Other 
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TABLE 1— ESTIMATES OF Basic AFDC PARTICIPATION MODEL 


(No Behavioral Effects) 
Asymptotic 
Normalized Standard 
' Independent Variables Mean Coefficient Error 

— Wt -1.72 .1517 .079 
(G-— N\x107) 2.66 152? .016 
1 = Northeast .20 273° 095 . 
1 = Northcentral 24 361° 088 
1 = West 22 087 098 
1= Black 31 406° 072 
1 = Hispanic .08 — 027 111 
Years of Schooling 11.80 ~.110° 015 
1 = Divorced 49 — 037 089 
1 = Separated 25 O18 .087 
1= Worked Full Time at Time of 

Dissolution 31 — 665° 078 
1 = Worked Part Time at Time of 

Dissolution 07 — 362° 124 
1 = Unemployed at Time of 

Dissolution. 08 — 008 105 
Family Size 3.15 013 023 
Age of Mother 32.45 — 027° .004 
1= Limit on State AFDC Payment 

or Ratable on Deficit .31 —.050 .066 
Constant - 1.394? 207 
Reciprocal of Residual Standard 

Error - 306° 020 
Sample Statistics 
— Log of Likelihood 1,709 
Sample Size 2,543 

Nonrecipients 1,692 

Partial-Year Recipients 206 

Full-Year Recipients 645 


Notes: The variable W is the gross wage rate, ft is the AFDC tax rate, G is the AFDC 
guarantee level, and N is nonwage income other than AFDC (primarily child support). 
Statistically significant at the 10 percent level. 
>Statistically significant at the 1 percent level. 


added to account for varying preference 
structures of families.’ These include dum- 
my variables for region of the country 
(Northeast, Northcentral, West), dummy 
variables for race/ethnicity (black, His- 
panic), age and years of schooling of the 


nonwage income used to calculate N (including child 
support) was taken directly from the CPS. 

214 more general specification (not pursued here) 
would be to allow for varying preferences through inter- 
action of the control variables with the basic budget 
constraint variables in (1) and to consider explicitly the 
interaction of the AFDC system with other tax and 
transfer programs. 


mother, family size, dummy variables for 
marital status of the mother (divorced, sep- 
arated), dummy variables for employment 
status of the mother at the time of the marital 
dissolution (working full time, working part 
time, and unemployed,” and a dummy vari- 


22 Employment status of the mother at the time of 
the marital dissolution is a proxy for her preference for 
work. Because of the way the survey was designed, this 
variable is available only for women who were previ- 
ously married. Because variables are included for marital 
status, the omitted category (never married) will pick up 
effects of marital status and work preference on AFDC 
participation. 
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TABLE 2— ESTIMATES OF BEHAVIORAL EFFECTS ON PARTICIPATION 


Variable Mean 
-wt -1.72 
(G — NX(x10°) 2.66 
(w? 3.29 
(G— N}? (x106) 14.27 
(G — NX- Wt)(x107) — 4.38 


~ Log of Likelihood 


Normalized Coefficient 
a) (2) (3) 
187 075 145ë 
(278) (.270) (079 
027 152° 127 
(051) (.016) (.019) 
— 038 — 022 = 
(.078) (.075) 
.006? z .006° 
(.003) (.003) 
— 061 = = 
(.029) 
1,705 1,709 1,707 


Notes: See Table 1. Coefficients of control variables are not reported. Asymptotic 


standard errors are shown in parentheses. 


Statistically significant at the 10 percent level. 
P Statistically significant at the 5 percent level. 
Statistically significant at the 1 percent level. 


able indicating whether the state in which 
the family resides imposes a limit on the 
AFDC payment or imposes less than a 100 
percent tax rate on child support payments 
and other nonwage income. 


D. Results 


Estimates of the basic AFDC participa- 
tion model (no behavioral effects) are pre- 
sented in Table 1, along with the means of 
the variables. The two estimated first-order 
partial derivatives of the indirect utility 
function (V, and Vy) are statistically sig- 
nificant and of the expected sign. The results 
suggest that differences across states in eligi- 
bility requirements (as reflected in guarantee 
levels and tax rates) play a significant role in 
determining AFDC participation. It is im- 
portant to note these differences are not due 
to labor supply responses to the program’s 
guarantee levels and tax rates, but rather to 
differences in program generosity across 
states (as measured by the break-even level). 
In states with higher guarantee levels and 
lower tax rates (higher break-even levels) 
eligibility for the program (and hence par- 
ticipation) is more likely. The results also 
imply that participation is higher for low- 
wage women and lower for women that re- 


ceive child support payments, again because 
of break-even differences only. The implied 
nonrecipient annual hours of work from the 
first-order terms is 992, which is very close to 
average observed hours of work in the sam- 
ple of 1,101. The standard deviation of ob- 
served hours of work is 951. 

- The results also indicate that the mother’s 
preference for work is a strong determinant 
of AFDC participation. Mothers who were 
employed at the time of the marital dissolu- 
tion are much less likely to become welfare 
recipients than mothers who did not work. 
The effect of full-time work is almost twice 
the effect of part-time work. Mothers who 
were unemployed at the time of the marital 
dissolution are just as likely to become 
welfare recipients as mothers who were out 
of the labor force. 

Table 2 presents estimates of three ver- 
sions of the model that allow for behavioral 
effects in addition to mechanical effects. The 
first version is equation (1). The second ver- 
sion is equation (5). The third version is a 
hybrid which constrains the uncompensated 
wage effect at the nonrecipient position to be 
zero. This third model is estimated because, 
as will be argued below, collinearity between 
Wt and (Wr)? makes it difficult to produce 
reliable estimates of V,, and Vy. For brev- 
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ity, the coefficients of the control variables 
are not reported (they are similar to the 
estimates in Table 1). 

In the more general formulation in which 
all five first- and second-order terms are 
estimated (col. 1, Table 2), only two are 
statistically significant, although four are of 
the correct sign. A likelihood ratio test indi- 
cates that the second-order terms are statisti- 
cally significant at the 5 percent level (Chi- 
square = 8.16, degrees of freedom = 3); hence 
behavioral effects appear to be operating. 
Nevertheless, the implied income and sub- 
Stitution effects (derived using equations (2) 
and (3)) are inordinately large compared to 
generally accepted values.” In the version of 
the model in which V, and S, are treated as 
parameters, (col. 2), the estimated substitu- 
tion effect at the break-even level is small 
and negative, but is not statistically signifi- 
cant.” Hence, this version of the model pro- 
vides no evidence of behavioral effects on 
participation, in the sense that an otherwise 
ineligible woman reduces her labor supply in 
order to become eligible for benefits.” 

The absence of precisely estimated behav- 
ioral effects in columns 1 and 2 of Table 2 
may be due to the high collinearity between 
the linear and quadratic net wage terms 
(which may have arisen because of lack of 
sufficient variation in predicted wages and 
predicted AFDC tax rates). In column 3, 
estimates are presented of a model in which 
only the linear wage term and linear and 
quadratic terms in the net guarantee variable 
appears. This version of the model con- 
strains the uncompensated wage effect to be 
zero, which does not appear to be an unrea- 


3 Because the estimated Vy is almost seven times 
the estimated Vy, the implied income and substitution 
effects are roughly seven times larger than coventionally 
_ accepted estimates. 

*4Ashenfelter also obtained an insignificantly esti- 
mated substitution effect. 

25 The absence of a behavioral effect at the break-even 
level does not necessarily imply the absence of a labor 
supply effect for persons below the break-even level, 
because the substitution effect may vary with labor 
supply. 
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sonable assumption for female heads of 
families.” In this restricted version of the 
model, all three coefficients are statistically 
significant. The implied nonrecipient hours 
of work is 1,140 which is very close to aver- 
age observed hours in the sample. The im- 
plied income effect (per thousand dollars) is 
—113.5 and the implied substitution effect is 
129.4. Both estimates are similar to those 
reported in my earlier article (1985, Table 8, 
p. 580) and are well within the range re- 
ported in other studies. The likelihood ratio 
test for the quadratic term (Chi-square = 
3.92, degrees of freedom =1) is significant at 
the 5 percent level. 

Taken together, the results in Table 2 pro- 
vide some evidence of a behavioral effect on 
AFDC participation. However, the implausi- 
ble estimates for specifications (1) and (2) 
are somewhat troublesome and imply the 
results should be viewed with caution. 


IL. Effectiveness of Current Child Support 
Enforcement Procedures 


In this section, the CPS data are used to 
estimate the effect of the IV-D Program on 
various child support outcomes. Because 
program effects are likely to vary by AFDC 
Status, separate estimates are derived for 
AFDC and non-AFDC families.” As indi- 
cated below, the results from the AFDC 
participation model just presented play an 
important role in the analysis of this section. 


% My 1985 article reports close to a zero uncom- 
pensated wage effect for female heads of households, 
based on data from the income maintenance experi- 
ments. However, Moffitt finds a significant uncom- 
pensated wage effect for female heads of families using 
data from the Michigan Panel Study of Income Dy- 
namics. 

27The AFDC families are required to assign their 
support rights to the state IV~D agency while participa- 
tion in the IV-D Program is strictly voluntary for 
non-AFDC families. Furthermore, AFDC families do 
not gain financially from collection of child support 
while non-AFDC families do. For these and other rea- 
sons, the effectiveness of child support enforcement 
procedures may be different for the two groups of 
families. 
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A. Empirical Specification 


The basic empirical model of the effects of 
current child support procedures is given as 
follows: 


(6) C; = Ziy; + IVD§,;+ u;, 


where C,= the child support outcome for 
the ith group, Z;= a vector of control vari- 
ables for the ith group, IVD; =a vector of 
variables representing services provided by 
the IV-D Program for the ith group, and 
u,=a random error term. Three distinct 
groups are identified for this analysis: nonre- 
cipients of AFDC, partial-year recipients of 
AFDC, and full-year recipients of AFDC. 
The effect of the IV-D Program on child 
support for each group is given by the esti- 
mate of 6,. 

In empirically implementing equation (6), 
three potentially serious problems arise. First, 
if selection into each of the three groups 
depends on unmeasured variables affecting 
AFDC status, then standard regression anal- 
ysis applied to (6) will yield biased estimates 
of ô. In general, the size of the bias will 
depend on the degree of correlation between 
the error term in (6) and the error term in 
the AFDC participation equation. 

Extending the analysis of James Heckman 
(1979) to the multiple selection case, selectiv- 
ity bias correction terms are constructed for 
each group based on the estimates of the 
AFDC participation model. The general form 
of the selectivity correction term is A= 
(fi— fa/(F,— F), where f is the normal 
density function, F is the corresponding dis- 
tribution function, and the 1 and the u sub- 
scripts refer to the lower and upper trun- 
cation points, respectively. In the case of 
nonrecipients of AFDC, 1= — oo and u=0, 
so that À = — fo /F). In the case of full-year 
recipients of AFDC, 1=1 and u=o0, so 
that A = f, /(1— F,). In the case of part-year 
recipients of AFDC, 1=0 and u=1 so that 
A= (fo — fD/(Fi — Fo). These selectivity 
correction terms are entered into the ap- 
propriate equations and standard regression 
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analysis is applied.”* The coefficients of the 
selectivity terms are used to derive the corre- 
lation coefficient between the error term in 
(6) and the error term in the AFDC par- 
ticipation equation. 

The second and third problems arising in 
estimating (6) stem from the fact that IV-D 
services are not provided on a random basis 
to the population. The second problem has 
to do with the fact that not all families seek 
help from the child support agency. In par- 
ticular, only families having difficulties ob- 
taining child support are likely to apply. 
This type of selectivity bias is particularly 
relevant for non-AFDC families because 
their participation in the program is volun- 
tary. Because all AFDC families are required 
to assign support rights to the child support 
agency, selection into the program may not 
cause as serious a bias for them, although 
such a bias still may be present. Failure to 
correct for this problem could lead to a 
significant underestimate of the impact of 
the Child Support Enforcement Program. 

The third problem has to do with the 
possibility that among those who apply for 
services, the child support agency targets 
services in a nonrandom way. This potential 
source of bias is particularly relevant for 
AFDC families because program services are 
provided to them free of charge.”? Faced 
with resource constraints and performance 
standards, there may be an inducement to 
“cream,” that is, provide services to the 
easiest cases. If such creaming exists, esti- 
mated impacts of the IV-D Program would 
be too high. 

In the empirical work below, an attempt is 
made to adjust for nonrandom provision of 
services. For the problem of nonrandom 
selection into the IV-D Program, the adjust- 
ment is made by including as a control vari- 
able a dummy variable denoting whether the 


28The estimated standard errors of the coefficients 
are corrected for bias due to heteroskedasticity using 
the estimator developed by William Greene (1981). 

2°States must charge a fee to non-AFDC families 
and some have cost recovery provisions, so the incentive 
to target services for them is not as great. 
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family reported having contacted the child 
support agency. The expected sign of this 
variable is negative, particularly for non- 
AFDC families. 

The problem of nonrandom targeting is 
more difficult to deal with empirically. It 
essentially requires purging the program 
service variables of systematic unmeasured 
effects. Since this problem is likely to be 
most important for AFDC: families, an ad- 
justment is attempted only for them.*° 


B. Variables 


The CPS provides information on the 
types of services provided by the IV-D Pro- 
gram. Mothers were asked whether they had 
ever contacted the child support agency, 
whether they received help, and what types 
of services were provided. The services listed 
are 1) an attempt to locate the father, 2) an 
attempt to establish paternity, 3) an attempt 
to establish a support obligation, 4) an at- 
tempt to enforce a support order, 5) an 
attempt to obtain collection, and 6) other 
(unspecified) services. Three sets of variables 
measuring program effects are constructed 
from this information and each is included 
in a separate regression. The first set consists 
of a single dummy variable indicating 
whether any help was received. The second 
set consists of a single variable denoting the 
number of different types of services pro- 
vided. The third set consists of six dummy 
variables denoting which specific services 
were provided. Four child support outcomes 
are examined as dependent variables: wheth- 
er child support was received, the amount of 
child support received, whether a child sup- 


30A generalized least squares, instrumental variable 
procedure was adopted (to account for the endogeneity 
of the program service variable) and the results are 
reported in my 1984 paper. The results imply that IV-D 
Program administrators appear to target services on the 
more difficult rather than the easier cases. Hence, the 
data provide no evidence of “creaming” by program 
administrators. The main results presented below do 
not adjust for nonrandom targeting so, if anything, they 
underestimate the true effect of the IV-D Program. 
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port obligation exists, and the amount of the 
child support obligation.*# 

In addition to the program effect vari- 
ables, the empirical models contain several 
control variables. The control variables con- 


. sist of dummy variables for region of the 


country (Northeast, Northcentral, West), 
dummy variables for race/ethnicity (black, 
Spanish), age and education of the mother, 
number of children in various age groups 
(0-5, 6-11, 12-18), dummy variables for 
marital status of mother (divorced, sep- 
arated), years since the marital dissolution, 
number of child support enforcement proce- 
dures used in the state (see U.S. Department 
of Health and Human Services, 1982a), a 
dummy variable for whether the state has a 
tax intercept program, a dummy variable for 
whether the state has a statute of limitation 
for establishing paternity, and the two selec- 
tivity correction terms discussed above.*” 


C. Program Effects on Receipt 
of Child Support 


Table 3 presents for the three different 
specifications of program services the esti- 
mated effects of the IV-D Program on 


31Of the sample, 36 percent reported receiving child 
support in 1981 and 48 percent reported having a legal 
obligation. These percentages are lower for AFDC re- 
cipients and higher for nonrecipients. Among those 
receiving child support, the average amount received 
was $2,071 in 1981 and among those with an obligation, 
the average amount of the obligation was $2,395. Of the 
sample, 26 percent reported that they had at some time 
contacted the child support agency while 13 percent 
reported actually receiving services. The program service 
variables are somewhat unreliable for AFDC families 
because the family may not be aware that services are 
being provided for them. In my 1984 paper, I utilize a 
caseworker sample (the 1979 AFDC Recipient Char- 
acteristics Study) to estimate program effects for AFDC 
families. Although program utilization rates are greater 
in the caseworker sample, the estimated program effects 
are very similar to those obtained using the CPS sam- 

le. 

32 Several of the variables in the program effect equa- — 
tions are excluded from the AFDC participation equa- 
tion and vice versa. Hence identification of the program 
effect equations is achieved through these exclusion 
restrictions as well as from the nonlinearity of the 
selectivity correction terms. 
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TABLE 3— ESTIMATED EFFECTS OF CHILD SUPPORT ENFORCEMENT PROGRAM ON RECEIPT OF CHILD SUPPORT 








Independent Variables 
@ (2) (3) 
= l= l= l= . l= l= 
Received Number Attempt Attempt Attempt Attempt Attempt 
Help of to to to to to l= 
From Services Locate Establish Establish Enforce Obtain Other 
Dependent Variable OCSE Provided Father Paternity Obligation Obligation Collection Service 
Probability of Receiving 
Child Support l 
Full Sample .20° 09° — 14° -.01 12° .22° 21° —.02 
(N = 2,543) (.03) (.02) (.05) (09 (.05) (.05) (.05) (.05) 
Nonrecipients of AFDC -19° .09° ~.10 —.10 .06 22° 19° 02 
(N =1,692) (.05) (03) (07) (.20) (.08) (.06) (07) (.08) 
Partial-Year Recipients | 29° Al — 22° 10 13 11 37 21 
of AFDC (N = 206) (.10) (.05) (14) (.21) (13) (.14) (17) (.15) 
Full-Year Recipients .18° .08° — 15° —.10 .18° 167 .26° — 02 
of AFDC (N = 645) (.04) (.02) (.05) (.09) (.05) (.06) (.06) (.06) 
Amount Received of 
Child Support . 
Full Sample, 258.4° 113.4? —188.8 290.4 319.0° 111.7 180.9 —175.5 
(N= 2,543) . (100.6) (52.0) (143.0) (292.9 (146.4) (146.4) (155.9) (166.9) 
Nonrecipients of AFDC 208.0 120.6 —124.1 506.1 350.7 86.1 191.3 — 109.0 
(N =1,692) (173.2) (92.8) (271.3); (720.4) (276.1) (236.1) (266.7) (305.5) 
Partial-Year Recipients 284.6 - 42.4 — 208.3 62.7 177.1 241.6 — 82.3 32.3 
of AFDC (N = 206) (191.7) (97.7) (271.6) (422.4) (266.7) (275.1) (330.7) (301.6) 
Full-Year Recipients 293.1 122.3 —247.3 27.8 238.1 166.3 485.0 — 32.3 
of AFDC (N= 645) (116:5) (56.8) (149.5) (265.0) (149.1) (195.4) (181.8) (185.9) 





Notes: All equations contain also a set of control variables that are described in the text. The estimated effects are for 
1981. Standard errors are shown in parentheses. 

‘Statistically significant at the 10 percent level. 

>Statistically significant at the 5 percent level. 

“Statistically significant at the 1 percent level. 


In specification 1 for the full sample, 
families who reported receiving help from 
the child support agency have a 20 per- 
centage point higher probability of receiving 
child support than families who did not re- 
port receiving such help. Prior to receiving 
services, the mean probability of receiving 
child support for those who contacted the 
agency, is .18.>4 Provision of program serv- 


whether child support is received and the 
amount received.33 .These results indicate 
that the program has a significantly positive 
effect on receiving child support for each 


group. 


33These equations are all estimated using ordinary 


least squares (OLS). Technically, more appropriate pro- 
cedures would be a probit model for the equation 
determining whether child support is received and a 
Tobit model for the equation determining the amount 
of child support received. However, these nonlinear 
procedures complicate the selectivity corrections some- 
what and increase the computational burden. Use of 
OLS does not bias the coefficients (properly interpre- 
ted) and should be a reasonable approximation. Table 3 
does not report the coefficients of the control variables, 
for the sake of brevity. The full regression results are 
available on request from the author. 


ices raises this probability to .38. Interest- 
ingly, the mean child support recipiency rate 
for those who did not contact the child 
support agency is also .38, so the program 


34 This figure is derived as C+ b, where C is the 
mean probability for families who have not contacted 
the child support agency and b is the. coefficient on the 
contact variable, which is ~.20. 
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appears to be raising the probability of re- 
ceiving child support to the level prevailing 
in the rest of the population. Overall, as of 
1981, the program appears to have increased 
the child support recipiency rate among 
single-parent families by .027, which is about 
an 8 percent increase.’ 

Dollarwise, families using the IV-D Pro- 
gram are not receiving as much as the rest of 
the population. Prior to receiving services, 
the mean amount of child support received 
per year for those who contacted the agency 
is $271. Provision of services increases aver- 
age collections to $530 per year. The mean 
amount of child support received by those 
who did not contact the agency is $874 per 
year. Overall, the program appears to be 
increasing collections nationwide by about 5 
percent. 

The number of services provided has a 
significant effect on receipt of child support, 
as indicated from the results of estimating 
specification 2 of the model (for the full 
sample). Each service, on average, increases 
the probability of receiving child support by 
about 9 percentage points.” However, the 
results from specification 3 suggest that all 
services do not have the same impact. 

The results from specification 3 suggest 
that successful collection of child support 
may be the result of a cumulative package of 
services. Use of the parent locator service to 
find the absent father, for example, is esti- 
mated to actually reduce the probability 
of obtaining support unless enforcement 
services are also provided.*” Similarly, estab- 


35 This is obtained by multiplying the program effect 
coefficient from specification (1) (.20) by the fraction of 
families receiving IV-D services (.134). 

36 The average number of services received by those 
receiving services is about 1.4. 

37It is somewhat difficult to believe that use of the 
parent-locator service actually reduces the probability 
of obtaining support. The negative sign may indicate 
that some selectivity bias still remains. However, it is 
possible the father becomes somewhat hostile when 
contacted by the child support agency and becomes less 
likely to pay support unless enforcement actions are 
also taken. In general, because the program service 
variables are not interacted with one another, conclu- 
sions regarding combinations of services should be 
viewed as speculative only. 
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lishing paternity is estimated to have no 
effect on collection rates unless further 
services are provided. There appears to be a 
positive payoff from attempts to establish 
support obligations, but the results imply 
that collection rates can be increased even 
further if enforcement services are also pro- 
vided. 

The program appears to be effective for 
both AFDC and non-AFDC families. How- 
ever, in terms of dollars collected, the pro- 
gram appears to be more effective for AFDC 
families. This may be a reflection of the fact 
that collections for AFDC families offset 
AFDC benefit amounts (and hence AFDC 
program costs) on a dollar-for-dollar basis, 
so the incentive for program administrators 
to pursue collection for AFDC families is 
greater. Collection for non-AFDC families 
also reduces AFDC program costs, but this 
“cost avoidance” impact of the program is 
indirect, resulting from its effect on reducing 
welfare dependency.*® 

Overall, the results in Table 3 indicate that 
the program is fairly successful in its en- 
forcement operations. As more comprehen- 
sive collection mechanisms are put into effect, 
such as those contained in recent legislation, 
program effectiveness is likely to become 
even greater. 


D. Effect of Selection Bias on the Results 


As indicated earlier, the empirical results 
are adjusted for two types of selectivity bias; 
one arising from selection into the AFDC 
program and one arising from selection into 
the IV-D Program. Table 4 shows the effects 
of these two types of selectivity bias on the 


38In my 1984 paper, estimates are reported of pro- 
gram effects by marital status of the mother. As would 
be expected, the effects are largest for divorced women 
and smallest for never-married women. The effects are 
smallest for never-married women because usually more 
services have to be provided for them, the fathers are 
less willing to pay, and the fathers are less able to pay. 
Because almost one-half the AFDC caseload consists of 
women not married to the children’s father, this repre- 
sents a major stumbling block for the IV-D Program in 
its attempt to reduce welfare dependency through child 
support collections. 
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TABLE 4— EFFECTS OF SELECTIVITY CORRECTIONS ON RESULTS 


Estimated Effect 
of Receiving 
Help from OCSE 


208.0 
(173.2) 
285.38 
(155.5) 
~287.6 
(118.2) 


284.6 
(191.7) 
314.3 
(198.7) 
—85.2 
(149.3) 


293.1” 
(116.5) 
264.9> 
(108.4) 
16.0 
(84.3) 


AFDC Status 


Nonrecipients 
(N =1,692) 


Partial-Year 
Recipients 
(N = 206) 


Full-Year 
Recipients 
(N = 645) 


Correction for Correction for 


Selection into Selection into 
the AFDC the IV-D 
Program p Program 
8,211.1° 57 — 527,3° 

(597.3) (129.6) 

- - — 657.9° 
(117.5) 

4,106.0° .51 —399,1° 
(1,164.3) (171.1) 
- - — 526.0° 
(177.0) 

5,055.9° 65 — 264.4° 
(366.9) (98.5) 
- - — 327.0° 
(90.7) 


Notes: Results are for equations in which the dependent variable is the amount of child 
support received in 1981. All equations also contain a set of control variables described 
in the text. Standard errors are shown in parentheses. 

Statistically significant at the 10 percent level. 

>Statistically significant at the 5 percent level. 

Statistically significant at the 1 percent level. 


results.” Of the two, selection into the IV-D 
Program is clearly the most important. 

Selection into the AFDC program causes 
the effects of the IV-D Program for full-year 
AFDC families to be underestimated and 
the effects for part-year and non-AFDC 
families to be overestimated. For each AFDC 
status, the selectivity correction term is sta- 
tistically significant. An estimate of the cor- 
relation coefficient between the error term in 
the child support recipiency equation and 
the error term in the AFDC participation 
equation p is also given in the table. These 
estimates imply that the error terms are posi- 
tively correlated. 

Selection into the IV-D Program causes 
the effects of the IV-D Program to be 


3°The table shows the effects of selectivity bias for 
specification 1 in which the dependent variable is the 
amount of child support received in 1981. The effects of 
selectivity bias on the other specifications are similar. 


severely underestimated for each group. In 
fact, without this correction term (the con- 
tact variable), the estimated IV-D effects are 
negative for two of the groups. The term 
measuring the bias (the coefficient of the 
contact variable) is greatest for non-AFDC 
families (as expected), but is large and statis- 
tically significant for AFDC families as well. 


E. Program Effects on Establishing 
Child Support Obligations 


Collection activities represent an impor- 
tant part of the Child Support Enforcement 
Program and as indicated earlier, much re- 
cent legislation is aimed at improving the 
collection process. However, collection is 
only part of the overall child support prob- 
lem in the United States. Equally important 
from a policy perspective is the establish- 
ment of formal child support obligations. 
More than one-half the mothers in the CPS 
sample do not have a formal child support 
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TABLE 5— ESTIMATED EFFECT OF CHILD SUPPORT ENFORCEMENT PROGRAM 
ON HAVING A CHILD SUPPORT OBLIGATION 


D 
1 = Received 
Help From 
Dependent Variables OSCE 
Probability of Having an Obligation 
Full Sample (N = 2,543) 11° 
(.03) 
Nonrecipients of AFDC 05 
(N =1,692) (.04) 
Partial-Year Recipients of AFDC .21> 
(N = 206) (.09) 
Full-Year Recipients of AFDC 14° 
(N = 645) (.04) 
Amount of Obligation 
Full Sample (N = 2,543) 190.3 
(161.6) 
Nonrecipients of AFDC 321.9 
(N =1,692) (210.2) 
Partial-Year Recipients of AFDC 183.5 
(N = 206) (272.7) 
Full-Year Recipients of AFDC 48.1 
(N = 645) (288.0) 


Independent Variables 
(2) 
1= Attempt 1= Attempt 1= Attempt 
to Locate to Establish to Establish 
Father Paternity Obligation 
.03 —.10 .12° 
(.04) (.09) (05) 
02 .09 04 
(.07) (17) (.07) 
— .04 ~ 16 14 
(14) (.22) (14) 
—.01 — 20 18 
(.06) (10) (.06) 
674.0° — 194.8 44.1 
(226.5) (469.7) (231.3) 
1,100.7° — 90.2 157.3 
(324. 8) (874.5) (332.0) 
— 585.6 — 431.34 — 189.0 
(361.7) (590.0) (363.0) 
579.87 ~ 395.0 ~ 212.0 
(345.1) (670.6) (375.5) 





Notes: All equations contain also a set of control variables described in the text. The estimated effects are for 1981. 


Standard errors are shown in parentheses. 
“Statistically significant at the 10 percent level. 
>Statistically significant at the 5 percent level. 
°Statistically significant at the 1 percent level. 


award. Lack of a child support award is 
particularly prevalent among unwed moth- 
ers, who constitute one-half of the AFDC 
caseload. Without a formal child support 
award, collection is not possible. 

Using the same estimation procedures as 
before with a slightly different variable 
specification, Table 5 presents the estimated 
effects of program services on whether the 
mother has a child support obligation and 
the amount of the obligation. The results 
indicate significant effects of the program on 
whether there is an obligation for AFDC 
families, but not for non-AFDC families. As 
before, the results seem to suggest the impor- 
tance of providing the full range of services. 
Without following through with an attempt 
to establish an obligation, father locator and 
paternity establishment services do not ap- 
pear to yield a positive payoff. With regard 
to dollar amounts, on the other hand, it does 
appear efforts to locate the father yield a 


positive return for nonrecipients and full-year 
AFDC recipients. 

The lack of a significant overall effect for 
non-AFDC families on whether an obliga- 
tion is established, and for all families on the 
amount of the obligation, suggests a possible 
mechanism for further improving the pro- 
gram. Recent legislation has been aimed at 
improving collection for families already 
having a formal child support award. The 
results presented here seem to indicate that 
improvements can also be made in the pro- 
cedures used to establish obligations. Be- 
cause a formal child support award does not 
exist in over one-half the families, such im- 
provements could lead to a substantial in- 
crease in overall collections.“ As the results 


Although increasing the award rate represents a 
potential way of increasing collections, it may not be 
cost effective. A rigorous determination of whether the 
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below indicate, such improvements are po- 
tentially as effective as those directed toward 
families already having an obligation. 


Il. Policy Implications 


In the previous sections, an attempt has 
been made to determine the effect of current 
child support enforcement procedures on re- 
ceipt of child support and the effect of re- 
ceiving child support on welfare depen- 
dency. The results indicate that the Child 
Support Enforcement Program has a signifi- 
cantly positive effect on receipt of child sup- 
port and that receipt of child support re- 
duces welfare dependency. 

Estimates of the magnitude of the effect of 
child support enforcement policies on welfare 
dependency and poverty are presented in 
this section by applying the results to an 
analysis of various types of child support 
systems. The objective is to compare various 
policy outcomes under several child support 
systems (including the present system). By 
simulating welfare dependency and poverty 
rates under each of these systems, an overall 
assessment can be made of the potential of 
the Child Support Enforcement Program as 
a mechanism for increasing the economic 
well being of single-parent families.*! 

In characterizing each child support sys- 
tem, the results from Tables 3 and 5 are 
used, Seven systems, each with varying de- 
grees of program effectiveness, are examined. 
First, under system 1, all child support pay- 
ments currently received by families are sub- 


program is cost effective is beyond the scope of this 


paper. 

“Donald Oellerich and Irwin Garfinkel (1983) also 
simulate the effects of various child support systems. 
Their analysis, however, does not consider the effect of 
the IV-D Program or expansions of it, nor does it 
incorporate behavioral responses, as is done here. Fur- 
thermore, they do not investigate the effects of various 
child support policies on AFDC dependency and AFDC 
costs. On the other hand, they consider new systems in 
which child support awards are increased and are tied 
directly to estimates of the absent parent’s ability to 
pay. For portions of their analysis that overlap with 
what is presented here, the results are qualitatively 
similar. 
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tracted from their total income. This system 
portrays the worst possible situation facing 
single parent families; that is no help at all 
from the absent parent. Second, program 
effects from Table 3 are subtracted from all 
families who have reported receiving help 
from the child support agency. This system 
describes how families would fare on their 
own without the Child Support Enforcement 
Program. Third, the current system is de- 
scribed based on the reported data from the 
CPS. 

The next four systems consider expansions 
of current child support policies. The first 
expansion applies program effects from Ta- 
ble 3 (those pertaining to enforcing an obli- 
gation and obtaining collection) to all fami- 
lies having a formal child support award but 
who have not yet received enforcement 
services from the child support agency.” 
This system represents an expansion only in 
collection efforts by the child support agency. 
Next, program effects from Table 3 are ap- 
plied to all families who have not reported 
receiving assistance from the child support 
agency, including those without a formal 
child support award. This system, then, rep- 
resents an expansion in both collection 
efforts and efforts to establish a formal child 
support award. The third expansion assumes 
that all support currently due is collected. 
This system of perfect collection represents 


42 There are several limitations to using the estimated 
effects in this fashion. The most important is that IV-D 
effects may be different for persons who have not yet 
received services. If targeting of services under the 
current system is nonrandom, or if there are important 
interactions with observed characteristics of the families 
that are not captured in the estimates of Table 3, then 
these estimated effects would not be appropriate for the 
families not currently receiving IV-D services. Another 
limitation is that there may be underreporting of receipt 
of program services by AFDC families. A third limita- 
tion concerns applying OLS coefficients in the simula- 
tions, when nonlinear probit and Tobit coefficients are 
more appropriate. This implies that the mean effects 
produced by the simulations may be different from the 
true mean effects if those receiving services are not 
representative of the sample. Without additional infor- 
mation, it is not possible to assess the importance of 
these limitations on the predicted effects of this and the 
other systems that use the estimated program effects in 
Tables 3 and 5. 
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in some sense an upper bound of the poten- 
tial of the 1984 child support amendments, 
assuming that the legislation does not induce 
families without an award to seek one. Un- 
der the final system, the behavioral equa- 
tions underlying the results in Table 5 are 
used to predict an award amount for each 
family that does not currently have an award. 
These predicted amounts, together with the 
reported amounts for the other families, are 
then assumed to be fully collected. This 
last system, then, represents the maximum 
amount of child support obtainable within 
the structure of the current legal environ- 
ment. 

For each of the seven systems described 
above, three policy outcomes are examined: 
the AFDC participation rate, the poverty 
rate, and the amount of child support col- 
lected as a percentage of AFDC benefits 
paid. To calculate the AFDC participation 
rate, expected values from the AFDC par- 
ticipation model are calculated for each 
family under each system. The variables 
varying across each system are those involv- 
ing changes in nonwage income. Results both 
with and without behavioral effects are re- 
ported.” To calculate the poverty rate, each 
family’s total income is compared to the 
poverty level for that family, which is given 
in the CPS. The CPS defines poverty on the 
basis of cash income only and does not 
consider in-kind benefits. For purposes here, 
this is not an important limitation because 
interest is in primarily comparing poverty 
rates across different child support systems 
rather than examining the poverty rate itself. 
Poverty rates are not calculated for the sec- 
ond, fourth, and fifth systems because the 
method used to calculate income under these 
systems would lead to incorrect estimates of 
the poverty rate.“ 


“Specification 3 of Table 2 (which assumes a zero 
uncompensated wage effect) is used to generate the 
predictions including a behavioral effect. 

“The reason is because each family is assigned an 
expected change in income (based in the results in 
Tables 3 and 5) and the distribution of the changes in 
the sample is not considered. It would be possible, using 
more elaborate (stochastic) simulation techniques, to 
estimate poverty rates under these three systems. 
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For the poverty rate, results are presented 
both with and without a labor supply re- 
sponse. The labor supply responses are based 
on the income and substitution effects de- 
rived from the results of specification (3) in 
Table 2. The resulting labor supply re- 
sponses are multiplied by the predicted wage 
rate to obtain an earnings response.“ 

The third policy outcome calculated is the 
amount of child support collected as a per- 
centage of AFDC benefits. This is an often- 
quoted figure in discussions of child support 
policies and appears regularly in official pro- 
gram publications. It is intended to serve as 
an indicator of the collection potential of the 
program. This percentage is calculated in 
two ways; first, by dividing child support 
received by the family under each system to 
the AFDC benefit the family would receive 
if there were no child support, and second, 
by dividing child support received by the 
family under each system to the AFDC ben- 
efit the family would receive under that sys- 
tem. These calculations are only performed 


*5The labor supply responses are calculated in the 
following manner. For nonrecipients of AFDC, child 
support is either taken away or added to the family’s 
income depending on which system is being considered. 
Then, the income effect is applied and a new labor 
supply is calculated. For the system in which child 
support is taken away, the AFDC benefit, B, is calcu- 
lated. If B <0 and |B] <1/2(W1)’S,, or if B> 0, the 
person is assumed to participate in the AFDC program 
and the appropriate substitution and income effects are 
applied to yield a final labor supply. Nonrecipients who 
were income eligible prior to the response are not 
assumed to join the AFDC rolls. It may be noted that 
the range of poverty rates may be narrower or larger 
than the range when labor supply response is not con- 
sidered, depending on how many new AFDC par- 
ticipants are generated by the labor supply response. As 
the results below indicate, the calculated range is nar- 
rower implying that the positive labor supply responses 
dominate the negative labor supply responses. For 
AFDC recipients, no response is assumed when child 
support is taken away (except in South Carolina and 
Mississippi where AFDC taxes child support at less 
than 100 percent). When child support is increased, the 
substitution effect is applied and B is calculated at the 
new labor supply. If B < 0 and |B|>1/2(Wr) 2S,, then 
the person is assumed to leave the AFDC program and 
the appropriate income effect is added to the substitu- 
tion effect and a final labor supply is calculated. If 
B> 0 or if |B] <1/2(Wr)?S,, no response is assumed. 
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TABLE 6— PREDICTED EFFECTS OF CHILD SUPPORT ENFORCEMENT ON WELFARE DEPENDENCY, 
POVERTY, AND WELFARE Costs 


Child Support Collections 
as a Percent of AFDC 
AFDC Participation Rate Poverty Rate Benefits* 
Child Support System (A) (B) (A) (B) (A) (B) 
No Child Support 35 36 51 52 0 (0) 0 (0.) 
Child Support—No 
Enforcement Program 34 34 - - - 4.8 (5.1) 
Existing Child Support 
Enforcement Program 
(in 1981) 34 34 48 48 6.2 (6.7) 6.2 (6.7) 
Expansion of Child Support 
Enforcement Program 
Full participation among 
those due child support 34 34 - - - 7.9 (8.6) 
Full participation among, ' 
all eligible families .34 34 - - - 13.5 (15.5) 
Full enforcement of all 
existing obligations .34 .34 47 47 13.8 (15.9 13.5 (15.6) 
Full enforcement of 
obligations for all 
families .33 32 45 43 32.2 (46.9) 31.6 (46.2) 


Note: Columns A = With Behavioral Response; Columns B = Without Behavioral Response. 
*Percentages measured from base with no child support. Figures in parentheses are percentages measured relative 


to AFDC benefits paid under the system in question. 


for families who reported receiving AFDC 
benefits in 1981. As in the case of the other 
outcome measures, results are presented both 
with and without a behavioral response. For 
the results with a behavioral response, only 
systems 6 and 7 are considered. For these 
systems, the percentages are higher with a 
behavioral response: because some families 
are predicted to leave the AFDC program. 
The simulation results are presented in 
Table 6.“ Three things stand out in this 
table. First, the results indicate that regard- 
less of whether behavioral responses are al- 
lowed, AFDC dependency is quite insensi- 
tive to changes in child support policies. 
Moving from the worst possible situation in 
which no child support is collected, to the 
best possible situation in which the maxi- 
mum amount of child support is collected 
for each family, reduces the AFDC depen- 


46All calculations are performed on the unweighted 
CPS sample. 


dency rate by only .04 (11 percent) when no 
behavioral response is allowed and by .02 
(6 percent) when behavioral response is al- 
lowed. The Child Support Enforcement Pro- 
gram, even if it were to provide services to 
all eligible families is predicted to have virtu- 
ally no impact on AFDC dependency. - 

Second, as an antipoverty device, child 
support enforcement again appears some- 
what ineffective. Comparing the worst possi- 
ble situation to the best possible situation 
reduces the poverty rate by .09 percentage 
points (17 percent) when no behavioral re- 
sponse is allowed, and by .06 (12 percent) 
when behavioral response is allowed. Within 
the feasible policy range, the poverty rate is 
only slightly affected. 

Part of the reason for sucha relatively 
small impact of child support enforcement 
on welfare dependency and poverty is prob- 
ably low child support award amounts, par- 
ticularly among AFDC recipients. In the 
CPS sample, the average child support award 
amount for full-year AFDC recipients in 
1981 was $180 per month, or about $86 per 
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child. The comparable figures for non-AFDC 
recipients were $207 and $127, respectively. 
Because the average AFDC benefit was about 
$282 per month and the average poverty 
level was about $650 per month, full en- 
forcement of child support obligations sim- 
ply will not generate enough of an increase 
in income (either mechanically or behavior- 
ally) to cause many families to escape welfare 
dependence and poverty. Higher award 
amounts and/or other sources of income 
(principally greater earnings) are necessary.“ 

Third, while child support policies appear 
to have a minimal effect on welfare depen- 
dency and poverty, they do have a poten- 
tially significant effect on AFDC costs. 
Under the existing system, child support col- 
lections represent approximately 6.7 percent 
of current AFDC benefits.“* Assuming no 


behavioral response, the analysis in this paper ` 


suggests that about 1.6 percent (or just under 
one-quarter) can be attributed directly to the 
IV-D Program. In the absence of the pro- 
gram, it is estimated that the remaining 5.1 
percent would have been collected by the 
mothers through their own efforts. 

If the child support agencies provided the 
full range of services to all AFDC families, it 
is estimated that they could recover about 
15-16 percent of AFDC costs.” This is 
about the same as would be collected if there 
were full enforcement of all existing obliga- 
tions, illustrating the potential effectiveness 
of greater efforts to establish obligations. If 
there were full enforcement of obligations 
for all families, close to one-half of AFDC 


*7Qellerich and Garfinkel find that significantly 
higher award amounts based on a standard applied to 
absent father incomes and enforcement of such awards 
could significantly reduce poverty. 

“8 The official statistics (U.S. Department of Health 
and Human Services, 1983) report that child support 
collections were 5.2 percent of AFDC payments in fiscal 
year 1981. 

“This may be somewhat of an overestimate because 
of the use of OLS coefficients to generate the responses. 
In other words, if those receiving services have char- 
acteristics significantly different from the mean individ- 
ual in the sample, then the effect at the mean (as 
reflected in the OLS coefficients) may be greater than 
the true mean effect (derived from nonlinear probit and 
Tobit coefficients). 
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benefits paid could be recovered. The per- 
centage is slightly higher when behavioral 
response is assumed. These findings suggest 
that a successful system of mandatory wage 
withholding coupled with greater efforts 
to establish obligations could recover some- 
what between 15 and 20 percent of AFDC 
benefits.°° 


IV. Conclusions 


Child support enforcement has been re- 
ceiving increased attention among policy- 
makers in recent years, as evidenced by the 
enactment of several important pieces of 
legislation. One of the main purposes of such 
legislation is to reduce welfare costs by shift- 
ing responsibility for the support of young 
children from the government to the absent 
parent. In addition, it is hoped that child 
support enforcement will enable many fami- 
lies to eventually escape welfare dependency 
either by leaving the rolls or by being pre- 
vented from joining the rolls. 

The analysis of this paper suggests that 
child support enforcement may represent an 
effective means for reducing AFDC program 
costs. However, because the current legal 
system establishes such low child support 
award amounts, it does not appear to be an 
effective antipoverty device. To increase the 
antipoverty effectiveness of child support 
enforcement would seem to require higher 
award amounts coupled with an effective 
mechanism for ensuring their collection. 
Nonetheless, even with higher award 
amounts, it does not appear likely that child 
support enforcement would have a dramatic 
effect on reducing the economic insecurity 
facing many single-parent families. 


5°Tt is important to reemphasize that these estimated 
reductions in AFDC costs do not take into account 
child support enforcement expenditures. It is possible 
that such expenditures would exceed collections, result- 
ing in a net overall increase in government spending. 
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On the Voluntary and Involuntary Provision of Public Goods 


By B. DOUGLAS BERNHEIM* 


This paper extends preexisting results concerning voluntary private funding of 
public goods. The assumption that individuals care about the magnitude of their 
own contributions only insofar as these contributions affect the aggregate level of 
expenditures is shown to have untenable implications. The analysis suggests that a 
reexamination of the factors that motivate individuals to make contributions is in 


order. 


Many public goods, including most chari- 
table causes and various forms of political 
activity, are funded predominantly through 
voluntary private contributions. Recently, 
this topic has attracted a great deal of inter- 
est.! In a ‘provocative paper, Peter Warr 
established a simple, yet startling result: 
“When a single public good is provided at 
positive levels by private individuals, its pro- 
vision is unaffected by a redistribution of 
income. This holds regardless of differences 
in individual preferences and despite dif- 
ferences in marginal propensities to contrib- 
ute to the public good” (1983, p. 211). Warr’s 
conclusion depends critically upon two as- 
sumptions: individuals care about the mag- 
nitude of their own contributions only 
insofar as these contributions affect the ag- 
gregate level of expenditures; and all indi- 
viduals make strictly positive contributions. 
Theodore Bergstrom et al. have recently pro- 
vided a more general and illuminating analy- 
sis of this proposition. 

In this paper, I suggest that Warr’s result 
as well as Bergstrom et al.’s generalizations, 
are only the tip of the iceberg. Maintaining 
Wart’s assumptions, I demonstrate the fol- 
lowing: 

1) Any policy consisting of lump sum 
transfers, and lump sum public contribu- 


*Department of Economics, Stanford University, 
Stanford, CA 94305. I thank Lawrence Summers for 
helpful discussions. 

iTheodore Bergstrom, Lawrence Blume, and Hal 
Varian (1984) provide a brief but comprehensive review 
of this literature. 
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tions to the privately provided public good, 
has no effect on resource allocation. 

2) Any policy consisting of apparently 
“distortionary” transfers, and distortionary 
public finance of the privately provided pub- 
lic good, has no effect on resource allocation. 

3) In general, .the method used to raise 
revenue for public transfers and expendi- 
tures (including expenditures on public goods 
for which no private contributions are made) 
is completely irrelevant: all taxes are equiv- 
alent to lump sum taxes. 

One might be tempted to dismiss these 
results on the grounds that, while the vast 
majority of individuals contribute to some 
cause, no single privately provided public 
good receives universal support. However, it 
turns out that this observation is immaterial, 
as long as there is sufficient overlap between 
the sets of donors to different causes (for 
example, A contributes to the Republicans, 
B to the Democrats, C to the Republicans 
and the United Way, and D to the Demo- 
crats and the United Way). Furthermore, 
Kyle Bagwell and I (1985) have argued that 
voluntary interpersonal transfers serve to link 
different individuals in the same manner as 
voluntary contributions to public good.” 


2In my paper with Bagwell, we focus attention on 
transfers between individuals, and do not explicitly 
consider the role of public goods. Of course, one can 
think about a public project as a selfish individual who 
cares only about his own consumption, and who there- 
fore makes transfers to no one else. To the extent a 
number of individuals contribute voluntarily to the 
project, our analysis is applicable (thus, in our textual 
example, we may think of the Democrats as an individ- 
ual, to whom both B and D contribute). However, one 
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Thus, it seems quite plausible that everyone 
who either makes or receives a voluntary 
transfer or contribution is indirectly linked 
through such transactions to everyone else, 
in which case the conditions for widespread 
private neutralization of public policies are 
satisfied. 

What, then, are we to make of these re- 
sults? Rather than believe that virtually all 
government policy is neutral, I am inclined 
to reexamine the critical assumptions. Two 
alternatives are available. First, one could 
argue that large segments of the population 
are isolated, in the sense that they are not 
linked through chains of voluntary transfers 
and contributions. While this view may seem 
inviting, it is troubling in one respect. Sup- 
pose, hypothetically, that all individuals were 
linked through such chains. Do we indeed 
believe that this would neutralize the effects 
of all taxes and transfers? If one’s answer is 
negative, then it is necessary to examine 
other assumptions. 

As mentioned earlier, these results also 
depend critically upon the assumption that 
individuals care about the magnitude of their 
own contributions only insofar as these con- 
tributions affect the aggregate level of ex- 
penditures. This explicitly rules out the pos- 
sibility that individuals enjoy (or dislike) 
making transfers, or that benefactors acquire 
bargaining leverage over recipients. Else- 
where, Andrei Shleifer, Lawrence Summers, 
and I (1985) have argued that there is strong 
empirical support for such alternative formu- 
lations. In order to avoid the implausible 
implications of equilibrium behavior in mod- 
els of contributions and transfers, one is 
naturally and inevitably led to these alterna- 
tives. 


I. The Model 


Consider an economy consisting of i indi- 
viduals, indexed i=1,...,.N. Each selects a 
level of labor supply (/,), consumes a private 
good (x;), and enjoys the benefits of two 


requires a more fully articulated model, such as that 
considered here, to analyze the effects of financing 
public goods which are supported exclusively by the 
government. 
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public goods (G, H). I write i’s utility as a 
general function of these variables: 


(1) u;=u,(l;,x;,G,H). 


The units of /,, G, and H were chosen so 
that all prevailing prices are unity.’ 

The allocation of resources is determined 
in three stages. In stage 1, the government 
picks a policy, 


(2) P= (y,T, Yos o). 


The policy consists of four distinct compo- 
nents. First, the government selects a vector 
of exogenous (nonlabor) incomes for the 
consumers, 


(3) Y= (poe Yy)- 


Implicitly, in choosing y, the government 
determines lump sum taxes and transfers. I 
denote the total amount of nonlabor income 
available in this economy as Y. Second, the 
government selects a vector of income tax 
functions, 


(4) T= (Tis. Ty). 


I allow 7, to depend on the entire vector of 
labor supply decisions, /= (4,..., ly): (D 
indicates i’s income tax payment when in- 
dividuals have chosen to supply /. Among 
other things, this formulation permits the 
government to condition its transfer policies 
upon available revenues. Third, the govern- 
ment selects a function, Yọ, which describes 
its contributions to the first public good as a 
function of the labor supply vector (national 
income). Similarly, nọ is a function which 
describes contingent contributions to the 
second public good. 

The government must, of course, respect 
its budget constraint under all contingencies. 


3In this respect, my analysis does not treat a general 
equilibrium. However, the extension to general equi- 
librium is straightforward: to the extent policies are 
allocatively neutral, any prices which prevailed prior to 
the policy may also prevail after. 
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Specifically, for all /, 
N N 

(5) no(!) + Yo(7) = [r- Èn) E 7,(1). 
i=1 i=l 


In stage 2, each consumer selects his labor 
supply, and realizes his total net income: 


(6) y +l- (1). 


At the same time, government collects its 
revenue. 

In stage 3, the government funds the pub- 
lic goods as prescribed by its policy P. Con- 
sumers divide their resources between the 
private good, x,, and contributions to the 
public good. In order to illustrate basic 
principles within as simple a context as pos- 
sible, I assume that all individuals contribute 
to the first public good (G), and that none 
contribute to the second (H). This con- 
figuration of contributions may arise due to 
the structure of preferences for G and H, or 
may be the consequence of government 
policy (for example, government crowds out 
private contributions to H, but provides no 
funding for G). For concreteness, we may 
think of G as funding of religious organiza- 
tions, while H represents provision for the 
national defense. 

I will use g, to denote i’s contributions to 
the first public good. Ordinarily, one would 
introduce nonnegativity constraints, g; > 0, 
as in Bergstrom et al. However, I wish to 
assume that these constraints are nonbinding 
both before and after the imposition of some 
particular policy. In such cases, nonnegativ- 
ity constraints do not affect the local oppor- 
tunities of any individual. While they do 
affect global opportunities, it is permissible 
to ignore them as long as either 1) the econ- 
omy has sufficient convexity properties, 
or 2) the economy has sufficient continuity 
properties, and the policy represents a small 
change from the prevailing system. I will 
assume that one of these two conditions is 


“Since we require that y,(/) solves (7) for all /, this 
definition corresponds to Reinhard Selten’s (1965, 1975) 
notion of subgame perfect Nash equilibrium (each / 
defines a distinct subgame). 
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satisfied, and henceforth consider a world in 
which contributions may be negative. 

The allocation procedure described above 
induces a game between consumers. Given 
the policy P*, consumer i’s strategy consists 
of announcing a level of labor supply, l; 
and a function, y,,.which prescribes a level 
of contributions for i in stage 3 for every 
potential labor supply vector, /, chosen in 
stage 2. Let y = (¥j,---> Yy). Let us say that 
(1*,y*) is an equilibrium’ if, for all 1, 
y*(1) solves 


(7) maxu,(t, yitt+h—at(l)— gi 
8i 


ryt s76(0), 
j#i - 
where “j+#i” is understood to include the 
case of j= 0, and if /* solves 


(8) mf ye +l 741, 1,) 
i 


í N 
sae ad OF 1%) yf, 14), as]. 
j=0 


A final word concerning the model. To 
obtain the general result described below, it 
is essential that contributions to the public 
good be chosen subsequent to the choice of 
labor supply. While this may appear restric- 
tive, it is actually relatively innocuous, In a 
more general context, my result would re- 
quire only that individuals are linked through 
some network of transfers and contributions 
subsequent to each potentially distorted 
choice. 


Il. The Result 


' I am now prepared to prove the central 
result. 


THEOREM 1: Consider any two policies, 
P= (y, T, Yos 1o) and Praz Cy, T, Yó» no). 
Suppose no =n. Then any final allocation 
sustained as an equilibrium under P can also 
be sustained as an equilibrium under P’. 


This result indicates that, as long as the 
government adheres to its policy for allocat- 
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ing the second (publically provided) public 
good (7), altering lump sum taxes and 
transfers ( y), distortionary taxes (T), and/or 
contributions to the first (privately provided) 
public good (y) will have no effect on the 
private consumption of any individual, nor 
on chosen labor supplies, nor on the total 
levels of public goods provided. 


PROOF: 
Suppose that, under P, we have some 


equilibrium (/*, y). Now consider P’. Define 
the vector of new strategies 


(9) wv) =n) +(x- y) 
= (7 (1)- 7(1)). 


I will show that (/*,y’) is an equilibrium 
under P’. It is easy to verify that it induces 
the same final allocation (private goods and 
public goods) as does (/*, y) under P. 

Take some /. Suppose j #i uses yj. Then 
i’s problem is to 


(10) max, (1, yth— (1) = gi» 
gi 


ji 
Now do the following change of variables: 


y+ (1) - 7(1)). 


Individual i’s problem is then to 


(11) z=g/—(y/- 


(12) maxu,|/;,y,+4—7,(I)-z, y6(2) 


+ È y(l)+ = [x - y) 


f#O,i 


=(= nU] sant) 


E Y0) + gim). 
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Using (5) for both P and P’, we see that 


(13) È lor-» y)-(W()-4())] 


=y(/)- y6(/). 


Substituting this into (12), we see that i’s 
problem is to 


(14) max, (I, y,+1,-—7,(1)-z, 


i ¥(1) +2, 29(/) . 


ji 


But since (/*, y) is an equilibrium under P, 
we know that z = y,(/) is a solution to (14). 
Thus, returning to the original variables, it 
can be seen that gf = y/(/) solves (10). Thus, 
condition (7) is satisfied for all /. 

Now consider condition (8). I wish to 
show that /* solves 


(15) maxu |1, yi +l- T/(l;, i*;) 
i 


ae 
— (1,14), 0 yj, 1%), nol, 1*)}. 
j=0 
Using (9) and (13), it is easy to see that 


N N 
(16) = Vin t*:) re D3 ¥(1;,44;)- 
j=0 j=0 


Substituting (16) and (9) into (15), it can be 
seen that the consumers’ problem is to 


(17) mes Fs y,+1,-7,(1;,17;) 


—¥,(1,,1%,), È yi1), no(l;,/*;)]- 


i=0 


But, since (/*, y) is an equilibrium under P, 
[* solves (17). Consequently, conditions (7) 
and (8) are both satisfied—(/*,y’) is an 
equilibrium under P”. 
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Intuitively, Theorem 1 holds for a re- 
markably simple reason: if all but one indi- 
vidual acts to offset the policy change for 
each labor supply profile, then the opportun- 
ity set of the remaining individuals (achiev- 
able combinations of l, X; G, and H) are 
unchanged. It is therefore optimal for him, 
as well, to neutralize any effects. 

It is natural to wonder whether this result 
is sensitive to the introduction of several 
privately provided public goods. In particu- 
lar, while each individual might contribute 
to some good, it is easily conceivable that no 
single good would receive universal support. 
Through a completely analogous argument, 
one can show that the central result con- 
tinues to hold as long as it is impossible to 
partition the set of consumers into two sub- 
sets, I, and J,, and the sets of goods into 
two subsets, G, and G,, such that members 
of I, contribute only to goods in G, (i =1,2). 
This condition implies that one can find a 
chain of contributions linking any two mem- 
bers of the population. 

To reiterate, the result depends essentially 
upon only two assumptions. First, individu- 
als care about the magnitude of their contri- 
butions only insofar as these contributions 
affect the aggregate level of expenditures. 
Second, chains of operative voluntary trans- 
fers and contributions link all individuals 
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(my paper with Bagwell extends the argu- 
ment provided here to situations in which 
linkages are indirect). For reasons described 
earlier, the first of these assumptions deserves 
much closer scrutiny. 
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Educational Achievement In Segregated School Systems: 
The Effects of “Separate-but-Equal”’ 


By ROBERT A. MARGO* 


In 1896, the Supreme Court ruled that 
racially “separate-but-equal” public facili- 
tiés, including schools, were constitutional. 
In 1954, the Court reversed the decision. The 
willful and flagrant violations of the sep- 
arate-but-equal doctrine in southern public 
schools have been documented extensively.’ 
Evidence from the segregation era linking 
educational discrimination to educational 
outcomes, however, has been examined far 
less. Using data from 1920 to 1940, I show 
that closing the racial gap in school inputs 
would have raised the educational achieve- 
ment of black children relative to white chil- 
dren. But low black incomes, wealth, and 
high rates of adult illiteracy helped sustain a 
significant racial achievement gap even if 
separate-but-equal were reality instead of 
myth. 


I. Empirical Analysis 


My model of educational achievement is 
the conventional one (Eric Hanushek, 1972; 
Anita Summers and Barbara Wolfe, 1977): 


(1) A= f(M, X, E), 


*Department of Economics, Colgate University, 
Hamilton, NY 13346, and National Bureau of Eco- 
nomic Research. This paper was written while I was a 
member of the Department of Economics, University of 
Pennsylvania. Research support from the University of 
Pennsylvania is gratefully acknowledged. I am grateful 
to Orley Ashenfelter, Stanley Engerman, Claudia 
Goldin, Anita Summers, Paul Taubman, seminar par- 
ticipants at the University of Pennsylvania and Colgate 
University, and two anonymous referees for helpful 
comments. Any errors are my own. This research is part 
of the NBER’s Development of the American Economy 
program. Any opinions expressed are my own and not 
those of the NBER. An earlier version of this paper 
(1985b) appeared as an NBER working paper. 

See, for example, Horace Mann Bond (1934, 1939), 
Louis Harlan (1958), Richard Freeman (1972), Finis 
Welch (1973), J. Morgan Kousser (1980), and my 1985a 
book. 
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where A indicates achievement, M measures 
student motivation, X is a vector of school 
inputs, and E is a vector of socioeconomic 
variables. A version of equation (1) is esti- 
mated using. race-specific county averages 
for Alabama in 1920, 1930, and 1940 (see 
Table 1 for data sources). 

_ Achievement is captured by the literacy 
rate of children and young adults, aged 7 to 
20.2 More than any other type of human 
capital, acquisition of literacy by blacks pro- 
foundly influenced the historical evolution of 
racial income and occupational differences 
(Robert Higgs, 1977; James Smith, 1984). 
The Alabama literacy rates are not specific 
to public school students, but the bias is 
probably small.? 

Student motivation is proxied by the aver- 
age daily attendance rate of pupils enrolled 
in grades one through six.* School inputs 
are: the length of the school year in days; 
per pupil expenditures on teacher salaries, 
per school day, a measure of instructional 
quality; the per pupil value of school capital; 
and the proportion of one-teacher schools. 
Finis Welch argued that “discipline would 
have consumed a significant proportion of 
instructional time and energy” (1973, p. 59) 
in one-teacher schools, so the coefficient of 
this variable should be negative. 

Socioeconomic inputs are race (equation 
(1) is estimated separately by race), and 


2Many southern states reported race-specific infor- 
mation on school inputs, but to the best of my knowl- 
edge, only Alabama reported race-specific, county-level 
literacy rates for the period. 

3Private school enrollments for both races were no 
more than 5 percent of public school enrollments over 
the period. See State of Alabama (1920, p. 50; 1940, pp. 
386-88). 

4A better proxy would be the average daily atten- 
dance rate of the elementary school-age population, but 
consistent county-level data are not available for all 
three census years. 
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proxies for income and wealth. They are 
included because of their importance in 
modern studies of achievement (Hanushek; 
Summers and Wolfe), and because of the 
large racial economic. differences that pre- 
vailed in the early twentieth-century South. 
Race-specific, county-level data on incomes 
are not available for the period, and must be 
estimated. The estimation procedure applies 
fixed race-specific income weights derived 
from the 1950 Census to urban, rural farm, 
and rural nonfarm population shares. Re- 
gressions are also reported which include the 
urban and rural nonfarm population shares 
instead of the income variable. Because urban 
income was higher than rural nonfarm in- 
come (which was higher than rural farm 
income), an increase in percent urban should 
have a larger positive effect on literacy than 
an increase in percent rural nonfarm. Wealth 
is proxied by the race-specific share of fami- 
lies who own their homes.® 

The limitations of the data are numerous. 


Their aggregate nature obscures the hetero- 


5Let s,f, Spars and S, be, respectively, the rural farm 
(rf), rural nonfarm (rnf), and urban (u) proportions of 
the population of county j in year t. Per capita income 
is estimated as y= yrfS,f + YenSeng + YuS, Where the 
y’s are a series of relative income weights derived from 
U.S. Department of Commerce (1952). For whites, the 
weights are y, =1.00, ¥,,=1.58, and y, = 3.89. For 
blacks, the weights are y,,=0.350, y,,,= 0.671, and 
Yu = 1.65. The derivation of the weights is available from 
the author on request. The rural farm, rural nonfarm, 
and urban proportions for 1930 and 1940 were calcu- 
lated from information in U.S. Department of Com- 
merce (1932, 1943). Urban-rural proportions for 1920 
were estimated from information in U.S. Department of 
Commerce (1921, 1932); details of the estimation proce- 
dure are available from the author on request. Because 
of errors inherent in the calculation (variations in y 
only refiect variations in urban-mural population shares), 
the income coefficients in Table 2 are biased towards 
Zero. 

®Race-specific, county-level data on homeownership 
are available for 1910, 1930, and 1940 in U.S. Depart- 
ment of Commerce (1918, 1935, 1943). The 1920 figures 
for blacks were interpolated from 1910 and 1930 data. 
This procedure yielded implausibly high estimates of 
white homeownership in 1920, and an alternate proce- 
dure—extrapolating backward at the rate of growth in 
white homeownership between 1930 and 1940—was 
used instead. Measurement error in the white homeown- 
ership figures may be responsible for the insignificant 
white coefficients (see the text and Table 2). 
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geneity of inputs and outputs within coun- 
ties. School quality may be poorly measured 
by the current value of school inputs if edu- 
cational change is rapid, or intercounty 
migration of school-age children is high. 
Omitted socioeconomic factors may bias the 
school input coefficients upwards if the left- 
out variables are positively correlated with 
literacy and school quality. Without detailed 
pupil-specific data and a much richer list of 
school and socioeconomic inputs, the biases 
cannot be investigated, except indirectly (see 
below). 

Table 1 exhibits race-specific arithmetic 
sample means. Judging by the levels of school 
inputs, Alabama’s white schools were much 
better than her black schools. The white 
literacy rate exceeded the black literacy rate 
by 20 percentage points in 1920, but the gap 
had fallen to 7 percentage points in 1940. 
Perhaps the most important change in the 
black schools over time was the 55 percent 
increase in the length of the school year. 
Assuming an attendance rate equal to the 
average, a black pupil age 12 in school con- 
tinuously since age 6 would have 2.6 ad- 
ditional years of schooling in 1940 than in 
1920. 

For estimation purposes the data were 
pooled across census years. The dependent 
variable is the log of the literacy rate.’ Ex- 
cept for variables in percent form, all inde- 
pendent variables are measured in logs. Ta- 
ble 2 presents random and fixed-effects 
estimates of the regression coefficients. The 
random effects disturbance term consists of 
a county-specific error v; with zero mean 
variance of; a year-specific error w, with 
zero mean and variance o,’; and an indepen- 
dently and identically distributed error e,, 
with zero mean and variance 02.8 The co- 
variance of the random effect error and the 
independent variables is assumed to be zero. 
The fixed-effects estimator corresponds to a 
regression with county and census year 


7The substantive conclusions are not affected if the 
logistic transformation of the literacy rate is used in- 
stead as the dependent variable. 

8See Wayne Fuller and George Battese (1974) for 
further discussion of the random effects model and 
details of the estimation procedure. 
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TABLE 1—ARTITHMETIC SAMPLE MEANS 











White Black 

Variable 1920 1930 1940 1920 1930 1940 
Literacy Rate, Ages 7-20 0.88 0.93 0.96 0.68 0.77 0.88 
Length of School Year 

(days) - 130 151 148 93 119 141 
Instructional Expenditures, 

per Pupil, per Day 

(1930$) 0.07 0.12 0.17 0.02 0.05 0.08 
Value of School Capital 

per Pupil (1930$) 

x107? 0.23 1.07 1.43 0.08 0.21 0.25 
Percent One-Teacher 

Schools 0.53 0.32 0.20 0.84 0.61 0.53 
Per Capita Income 1.48 1.62 1.67 0.57 0.61 0.68 
Percent Urban 0.12 0.15 0.16 0.11 0.14 0.20 
Percent Rural Nonfarm 0.24 0.25 0.25 0.24 0.23 0.24 
Percent Own Home 0.43 0.43 0.42 0.22 0.23 0.24 





Source: All school data are from State Superintendent of Public Instruction, State of Alabama (1920, 1930, 1940). 
Percent urban, percent rural nonfarm, percent own home: calculated from information in U.S. Department of 
Commerce (1918, 1921, 1932, 1943). 

Notes: Teacher salaries and school capital are deflated to 1930 dollars using the Warren-Pearson wholesale price 
index (U.S. Department of Commerce, 1975). Fn. 5 describes the construction of the per capita income variables. 


TABLE 2—LITERACY REGRESSIONS: ALABAMA, 1920 To 1940 


White Black 
Variable RE FE RE FE RE FE RE FE 
Constant —0.53 —0.43 —0.51 — 0.40 —1.29 —1.23 —1.34 —1.22 
(4.10) (2.62) (3.87) (2.45) (6.17) (5.03) (6.62) (5.20) 
Attendance Rate 0.02 0.01 0.02 0.003 0.15 0.13 0.15 0.12 
(1.03) (0.21) (1.01) (0.12) (2.93) (2.09) (2.88) (1.95) 
Length of School 0.10 0.07 0.10 0.07 0.25 0.18 © - 0.25 0.17 
Year (in days) (4.25) (2.40) (3.89) (2.39) (6.62) (3.54) (6.55) (3.42) 
Expenditures per Pupil, 0.33 0.17 0.33 0.20 0.48 0.12 0.49 0.12 
per Day x107? (3.52) (1.35) (3.47) (1.58) (2.32) (0.40) (2.29) (0.38) 
Value of School Capital 0.008 — 0.03 0.01 —0.02 — 0.04 —0.16 — 0.04 —0.16 
per Pupil x107! (0.17) (0.55) (0.22) (0.41) (0.38) (1.53) (0.44) (1.52) 
Percent One- 0.003 0.01 0.001 0.01 — 0.03 0.03 —0.03 0.03 
Teacher Schools (0.16) (0.68) (0.06) (0.69) (0.74) (0.52) (0.75) (0.56) 
Per Capita Income 0.02 0.04 0.05 0.03 
(1.98) (1.32) (2.10) (0.40) 
Percent Urban 0.04 0.08 0.10 — 0.008 
(2.06) (1.21) (2.10) (0.06) 
Percent Rural Nonfarm 0.03 — 0.02 0.01 — 0.13 
(1.20) (0.33) (0.24) (0.70) 
Percent Own Home 0.03 — 0.06 0.03 —0.07 0.30 0.26 0.31 0.28 
(1.02) (0.95) (0.86) (1.03) (3.05) (0.76) (2.99) (0.81) 
N 201 201 201 201 180 180 180 180 
MSE . 0.0072 0.0077 0.0071 0.0072 0.0063 0.0063 0.0063 0.0063 
Hausmann Statistic 15.1 10.8 14.1 10.8 
Significance Level 0.03 0.22 0.05 0.21 


Source: See text and Table 1. 

Notes: Absolute value of tstatistics are shown in parentheses. Dependent variable is log of child literacy rate, ages 7 
to 20. Except for variables in percent form, all independent variables are measured in logs; RE: random effects; 
FE: fixed effects; MSE: means squared error. Significance level refers to Hausmann test statistic. 
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dummy variables. Judging by the mean 
squared error (MSE) statistics, the regres- 
sions fit the data well, in view of the small 
sample size and data quality. Broadly speak- 
ing, the results affirm the model of educa- 
tional production described by equation (1). 
I focus first on the random effects estimates. 

By far the most important school inputs 
were the length of the school year and in- 
structional expenditures. Both variables were 
significant determinants of literacy rates re- 
gardless of race. By contrast, school capital 
and percent one-teacher schools had no sig- 
nificant impact on literacy.? Average daily 
attendance rates were positively associated 
with literacy rates, but the effect was statisti- 
cally significant only for blacks. 

Race and economic factors were also im- 
portant determinants of literacy rates. The 
income coefficients were positive and signifi- 
cant for both races. When percent urban and 
percent rural nonfarm are substituted for the 
income variable, the coefficient of percent 
urban exceeds the coefficient of percent rural 
nonfarm in every equation, consistent with 
the difference between urban and rural in- 
comes. Homeownership had a significant 
positive effect on black literacy, and a posi- 
tive, but insignificant, effect on white literacy. 
The large positive difference between the 
white and black constant terms suggests that 
Alabama’s white schools were more efficient 
overall in transforming educational inputs 
into achievement.'° 

If the county-specific error were correlated 
with the independent variables, for example, 
because of differences across counties in 
tastes for schooling or in unobserved school 


°School capital was generally valued at historical 
cost. County figures also typically exclude privately 
owned buildings used as schools, which were common 
in black school districts. The insignificant school capital 
coefficients may be due to measurement error rather 
than absence of an underlying relationship. The nega- 
tive effects of one-teacher schools may have been offset 
by a positive impact on younger children by mixing 
them with children in older grades. 

10The racial difference in constant terms might also 
reflect a larger share of white children acquiring literacy 
before beginning school. Data for 1940 show, however, 
that white and black children had equal literacy rates 
prior to entering the first grade. See State of Alabama 
(1940, p. 22). 
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or socioeconomic inputs, the random effects 
coefficients will be biased and inconsistent, 
and the fixed effects estimator is preferable 
on statistical grounds (Jerry Hausmann, 
1978). Except for the length of the school 
year and the black attendance rate, none of 
the fixed effects coefficients is statistically 
significant at conventional levels. Further- 
more, the fixed effects coefficients of the 
length of the school year and instructional 
expenditures are smaller in absolute value 
than the random effects coefficients. Judging 
by a Hausmann test, specification error is 
present in the random effects equations (see 
Table 2).1! Analysis in Sections II and III 
makes use of both estimators, but in light of 
the specification test statistics, results based 
on the random effects coefficients should be 
interpreted cautiously. 


Il. The Effects of Separate-but-Equal 


What was the effect of school inputs on 
the racial literacy gap in Alabama? Answer- 
ing this question requires a definition of 
separate-but-equal. An historically defensi- 
ble position is “equal school inputs,” that is, 
reduce the racial gap in school inputs to 
zero.!? The percentage of the racial literacy 
gap accounted for by race differences in 
school inputs simulates the counterfactual 
impact of separate-but-equal. These per- 


The omission of the proportion of school-age 
children in school is probably the major source of 
specification error. Between 1920 and 1940, the enroll- 
ment rate of black children in Alabama ages 5 to 14 
increased by 17 percentage points; the corresponding 
increase for white children was 7 percentage points. 
Changes in compulsory schooling laws may have played 
an independent role in eradicating child illiteracy by 
raising school attendance. After 1915, Alabama school 
code required “every child between the ages of 7 and 16 
to attend school the entire length of term” (Alabama 
Educational Survey Commission, 1945, p. 105). En- 
forcement of the statute, however, was evidently lax. In 
1930, expenditures on enforcement of attendance in 
white schools was 1.8 percent of total white instruc- 
tional expenditures; the corresponding figure for blacks 
was 1.4 percent (State of Alabama, 1930, pp. 234, 274). 
As late as 1945, teachers cited nonenforcement of atten- 
dance laws as a major weakness of Alabama schools 
(Alabama Educational Survey Commission, p. 62). 

This seems to be the interpretation favored by 
state courts; see Charles Magnum (1940, pp. 88-90). 
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TABLE 3— EFFECTS OF SEPARATE-BUT-EQUAL 
(Shown in percent) 
1920 1930 1940 

Variable White Black White Black White Black 
Length of School Year: 

Random Effects 12.3 30.7 12.5 31.3 5.2 13.0 

Fixed Effects 8.6 22.1 8.8 22.6 3.6 9.4 
Instructional Expenditures: 

Random Effects 11.7 17.0 14.1 20.5 28.6 41.6 

Fixed Effects 6.0 4.2 73 5.1 14.7 10.4 
Total School Inputs: . 

Random Effects 24.0 47.7 26.6 51.8 33.8 54.6 

Fixed Effects 14.6 26.3 16.1 27.7 18.3 19.8 
Per Capita Income 
and Homeownership: 

Random Effects 9.3 40.6 13.2 57.3 25.1 106.4 

Fixed Effects 9.4 -30.5 13.8 42.5 27.0 79.3 
Racial - 
Literacy Gap 0.273 0.190 0.093 


Notes: Figures give percentages of racial literacy gap accounted for by racial differences in educational inputs. The 
formula is B,(X,,— X,)/(L, — Lp) where i= white, black, B, is the regression coefficient (equations 1,3,5,7 in 
Table 2), X is the educational input, and L is the literacy rate. X and L are measured in logs. All calculations are 


performed at the arithmetic sample means (see Table 1). 


centages are shown in Table 3 for the length 
of the school year and instructional expendi- 
tures. The columns labelled Black are based 
on the black coefficients and those labelled 
White on the white coefficients. 

Although the percentages vary depending 
on the year and coefficients used, an average 
of 27 percent of the racial literacy gap is 
explained by race differences in school in- 
puts. The largest impact is indicated by the 
black random effects coefficients (48 to 55 
percent) and the smallest by the white fixed- 
effects coefficients (15 .to 18 percent). En- 
forcement of separate-but-equal would have 
improved the relative educational achieve- 
ment of black children. But a significant 
literacy gap would have remained, and the 
row labelled Per Capita Income and Home- 
ownership shows that a large chunk of the 
residual is attributable to racial economic 
differences. Then, as now, poverty influenced 
achievement in many ways, for example, by 
reducing the frequency of school attendance 
(see my 1986 paper) and the availability of 
reading materials in the home. An important 
causal factor in -black poverty was adult 
illiteracy, which may have influenced child 
literacy directly. Illiterate parents could never 


substitute for inadequate schools and teach 
their children to read and write. The diffu- 
sion of literacy among blacks was essentially 
a cohort phenomenon. Adult black illitera- 
cy—a legacy of slavery and educational 
backwardness in the late nineteenth and 
early twentieth-century South—remained 
high, absolutely and relative to white levels, 
until World War II (Smith). 

Unfortunately, the Alabama data cannot 
reveal the relationship between adult and 
child literacy, but state-level data can. The 
following regression for 1930 relates the log 
of the black literacy rate, ages 10 to 14 
(LLIT) to an estimate of years of schooling 
from age 6 to 9 (YRS), per pupil expendi- 
tures on school inputs (EXP), the per pupil 
value of school capital (VCP), and the 
literacy rate of adults, ages 35 and up 
(ALIT).? The sample consists of 16 south- 
ern states with legally segregated school sys- 
tems and the District of Columbia. A “hat” 


13YRS is adjusted for across-state differences in the 
length of the school year. The data are from U.S. 
Department of Commerce (1932) and Tuskegee In- 
stitute (1930). 
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indicates the natural logarithm of a variable 
(absolute values of t-statistics are shown in 
parentheses). 


(2) LLIT = — 0.10 +0.04YRS+ 0.01 EXP 
(2.50) (1.65) (1.95) 


— 0.002 VCP+ 0.12 ALIT 
(0.55) (1.75) 


N=17, R? =0.87. 


Holding constant school inputs and years of 
schooling, adult literacy had a positive im- 
pact on child literacy, significant at the 10 
percent level. A similar regression for whites 
yielded an adult literacy coefficient of 0.15 
(¢ = 2.67). Equation (2) can also be used 
to assess the effects of separate-but-equal. 
Eliminating state-level race differences in 
school inputs accounts for 31 percent of the 
racial literacy gap, roughly the same as in 
Alabama in 1930 (see Table 3).'4 


IH. The Equal Valuation Hypothesis 


That southern school officials allocated 
fewer resources to black schools is irrefut- 
able. There are-two ways to explain their 
actions. Either they valued black and white 
achievement equally but the productivity of 
school inputs. was lower in black schools, or 
they valued black achievement less than 
white achievement. If the “equal” valuation 
hypothesis were true, school officials would 
equate the black-to-white ratio of marginal 
products of schools inputs to the black-to- 
white ratio of school input prices. If it were 
false, the black-to-white ratio of marginal 
products would exceed the black-to-white 
input ratio.!> The Alabama production func- 


4School inputs include: expenditures per pupil, the 
value of the school capital stock, and the length of the 
school year: Details of the calculation are available 
from the author on request. 

15Let n; and A, be, respectively, race-specific enroll- 
ment and achievement per pupil, i= white, black. For 
simplicity, assume that A; = A;(s;), where s; is a single 
school input. The price of s; is p;. The school board 
budget Z is exogenously determined. A school board 
that values black and white achievement equally on 
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tions can distinguish between the two alter- 
natives. 

Table 4 gives the black-to-white ratio of 
marginal products for the length of the school 
year. To a first approximation, the per 
pupil marginal cost of lengthening the school 
year is instructional expenditures per day. 
Black-to-white input prices ratios based on 
this approximation are shown in Table 4. 
Dividing the input price ratios by the ratios 
of marginal products estimates the relative 
(marginal) valuation of black literacy.!” The 
figures in parentheses give lower and upper 
bounds to the relative valuation based on 95 


average and at the margin is a school board that maxi- 
mizes aggregated achievement subject to its budget con- 
straint: 


Maxn,,A,, (sy) + 545 (Sp) 


SwiSp 
subject to 7,, py sy, +1, P,58, = Z. 


The first-order condition is MP, /MP,, = p, /p,,, where 
MP, is the marginal product of the school input. Note 
that, at the optimum, s, #5, unless the production 
functions and input prices were the same. If the board 
valued black and white achievement differently, the 
first-order condition would be i 


(MV,/MV,) x (MP,/MV,.) = Pa / Pw 


where MV, is the (marginal) value of achievement. If 
MV, < MV, then MP, /MP,, will exceed p,/p,. 

16The formula for the marginal products is MP = 
BL/X, where B is the regression coefficient (see Table 
2), L is the literacy rate, and X is the school input, The 
formula assumes school boards valued the actual literacy 
rate and not its logarithm. All calculations are made at 
the arithmetic sample means (see Table 1). Substantive 
results are not affected if instructional expenditures per 
pupil is used instead of the length of the school year. 

7Recent studies (Richard Butler, 1983; my 1984 
paper) suggest a portion of lower instructional expendi- 
tures in black schools represented wage discrimination 
against black teachers; if so, my calculations of the 
relative valuation of black literacy would be biased 
downward. The black-to-white ratio of marginal prod- 
ucts, however, exceeds unity in every year (see Table 4). 
Thus even if the black-to-white ratio of input prices 
were one (i.e., all of the racial difference in teacher 
salaries reflected wage discrimination against black 
teachers, and race differences in class size are ignored), 
Alabama school boards still valued black literacy less at 
the margin than white literacy. 
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TABLE 4— RELATIVE VALUATION OF BLACK LITERACY 


Variable 1920 1930 1940 
Length of School Year, 
Black-to-White Ratio 
of Marginal Products: 
Random Effects 2.70 2.63 2.41 
Fixed Effects 2.78 2.70 2.47 
Length of School Year, 
Black-to-White Ratio i 
of Input Prices 0.38 0.44 0.45 
Relative Valuation of Black 
Literacy X 100 Percent? 
Random Effects 14.1 16.1 18.7 
(5.8,29.0) (7.0,34.9) (7.8,39.1) 
Fixed Effects 13.7 16.3 18.2 
(1.6, 55.9) (1.9,66.7) (2.2, 73.8) 


*Shown in percent. The figures in parentheses give lower and upper bounds to 
relative valuation assuming a 95 percent confidence interval around the input coeffi- 


cients. 


percent confidence intervals around the 
school input coefficients. 

The evidence in Table 4 refutes the “equal 
valuation” hypothesis for Alabama. The 
black-to-white ratio of marginal products 
substantially exceeds the input price ratios in 
all three years. Despite increases over time, 
Alabama school officials judged black lit- 
eracy to be worth far less (at the margin) 
than white literacy. Clearly, dramatic changes 
in racial attitudes were necessary before the 
officials would have voluntarily complied 
with separate-but-equal. 


IV. Concluding Remarks 


This paper has analyzed the relationship 
between educational inputs and outputs in 
legally segregated school systems. Evidence 
for Alabama from 1920 to 1940 reveals that 
strict enforcement of the Supreme Courts 
1896 separate-but-equal ruling, particularly 
with respect to the length of the school year, 
would have narrowed the literacy gap be- 
tween white and black children. But sep- 
arate-but-equal was not enough. Only a radi- 
cal redistribution of school board budgets 
would have compensated for the poverty and 
adult illiteracy that hindered black school 
achievement in the early twentieth-century 
South. 
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Is Price Flexibility Destabilizing? 


By ROBERT A. DRISKILL AND STEVEN M. SHEFFRIN* 


Sluggish wages and prices are generally 
the culprits in Keynesian models of unem- 
ployment and business fluctuations. Price 
flexibility in standard fix-price models would 
restore the economy to full employment. This 
line of reasoning has often been at the heart 
of proposals to reform institutions in order 
to restore flexibility to wages and prices. 

There is, however, a strand of macroeco- 
nomic thought that questions the wisdom of 
too much price flexibility. John Maynard 
Keynes raised the issue in chapter 19 of the 
General Theory by noting that a deflation 
could raise real interest rates and thereby 
impede a return to full employment. In his 
1975 paper “Keynesian Models of Recession 
and Depression,” James Tobin develops this 
point in a formal] model. Low prices work to 
move the economy to full employment but 
falling prices, to the extent that they lead to 
expectations of deflation, raise the real inter- 
est rate (through the Mundell effect) and 
move the economy away from full employ- 
ment. Instability is likely to occur if expecta- 
tions of inflation adjust rapidly to actual 
inflation and the real interest rate effect is 
large. 

Our historical experience does include sig- 
nificant episodes where either reductions in 
inflation or actual deflation were accompa- 
nied by high real interest rates. Although 
other factors could be responsible, the expe- 
riences of the Great Depression, the Latin 
American countries in the late 1970’s and 
the United States in the early 1980’s all add 
surface plausibility to the real interest rate 


*Departments of Economics, Ohio State University, 
Columbus, OH 43210, and University of California, 
Davis, CA 95616, respectively. Earlier versions of this 
paper were presented at Tulane University and the 
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the Research Program in Applied Macroeconomics and 
Macro Policy, University of California-Davis. 
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deflation link and thus to one aspect of the 
Keynes-Tobin story. 

Recently, Bradford De Long and Lawrence 
Summers (1984) have argued that the de- 
crease in the variance of output following 
World War II can be largely attributable to 
the decrease in wage and price flexibility in 
the postwar era. The reason output fluctua- 
tions are smaller today is precisely because 
the Keynes-Tobin destabilizing mechanism 
is less operative today. 

This paper examines whether increased 
price flexibility can be destabilizing in a ver- 
sion of John Taylor’s contract model (1979, 
1980) extended to include real interest rate 
effects. Taylor’s model includes both back- 
ward and forward elements in wage-setting 
behavior and thus permits some rationality 
in the wage-setting process. We find that 
even with this limited degree of rationality, 
increased wage flexibility leads to a decrease 
in both the variance of output and the vari- 
ance of prices. 

Nicholas Carlozzi and Taylor (1983) intro- 
duce the real rate of interest into a staggered 
contract framework and discuss in general 
terms and through simulations the effects 
that changing real rates may have on the 
system. They do not, however, study the 
effects of potential instability through in- 
creases in wage flexibility or provide any 
analytical results. They provide an extensive 
discussion of the implications of alternative 
policy rules on the stochastic behavior of the 
economy. 

We first add the real interest rate to the 
standard Taylor model and derive the solu- 
tion and prove key analytical results. These 
results are further buttressed by simulations. 


‘Our work on this paper was partly motivated by 
some of the ideas expressed in De Long and Summers 
and their suggestion to explore the possibility of 
Keynes-Tobin instability in a model with rational ex- 
pectations. 


VOL. 76 NO. 4 


I. Introducing the Real Rate of Interest 


To study the possibility of Keynes-Tobin 
instability, it is necessary to introduce the 
real interest rate into aggregate demand. 
First, let output depend on the expected real 
interest rate: 


(1) y= — ali, E,P,4,+ P}. 


Nominal interest rates are determined in the 
money market: 


0) mercei ps0. 


Finally, let the Fed follow a nominal interest 
rate rule (which includes as a special case a 
constant money supply): 


(3) ms = ai,. 


The interest rate is measured in natural units 
while all other variables are in logs. Combin- 
ing (1)-(3) yields the expression for aggre- 
gate demand: 


(4) y, = aE, P,,, — bP, 


b=a(1+(1/B+a)). 


where 


We assume 8+ a>0, a condition satisfied 
by a constant money stock, which implies 
b>a. 

The aggregate supply side of the model 
consists of an equation for wage setting and 
a mark-up equation for pricing. Money wage 
contracts are set for two periods and depend 
on a weighted average of wages for workers 
in the second period of their contract and 
the wages those workers are expected to 
negotiate next period as well as a weighted 
average of current and expected real output. 
The weights ¢ and 1—@ measure the degree 
of “backward looking” vis-a-vis “forward 
looking” in the wage-setting process: 


(5) X, = $X,-1 + (1 z $)E, -1X41 
+y [oE,_1y, +(1- p) Ey rs] tu, 


y>0; O<¢<l 
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E,_,(-) is the expectations operator, condi- 
tional’on information available at time t —1, 
and u, is a white-noise wage shock. The 
parameter y measures the extent of the 
sensitivity of wages to business cycle condi- 
tions. Prices are determined as a mark up 
over prevailing contract wages in the econ- 
omy: 


(6) P,=1(X,+X,-1). 


The structural model consisting of equa- 
tions (4), (5), and (6) involves expectations 
of variables at time ¢ and ¢—1, current 
stochastic shocks, current endogenous vari- 
ables and only one state variable, lagged 
wages. Leon Wegge (1982) has shown that 
such a rational expectations structural model 
has the following solution form for the con- 
tract wage: 


(7) X, = pX,_,+ Tu, 


where p and 7 are, in general, functions of 
structural parameters. Combining (7) with 
the pricing equation (6), we can write prices 
as the following ARMA(1,1) process: 

(8) P,=pP,_,+k(u,+u,_1) k = 1/2. 
Taking expectations of P,,, at time £, we 
have 


(9) E,P,+1= pP, + ku, 


Substituting (9) into the expression for ag- 
gregate demand and simplifying yields 


(10) y,=—6P,+aku, 6=b-pa. 


Aside from the error term, this expression 
for aggregate demand is the same as Taylor’s 
(1979) model which has aggregate demand 
solely a function of the real money supply 
and a money supply equation linking the 
nominal money supply to prices. In this 
model, however, @ now depends on the (un- 
known) value of p. The final step in the 
solution is to exploit the similarities between 
the real rate case and the standard Taylor 
model to determine the value of p. 
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Treating Ê as predetermined for the mo- 
ment allows us to calculate p and 7 by the 
standard method of undetermined coeffi- 
cients: 


(1) p= 


i by by 
where (1+ 2/2) 


However, since 6=b- pa, there is a second 
relationship between p, and ĉ, namely: 


(12) aT 


Equations (11) and (12) determine p and ĉ, 
for any given values of y, b, and a. We can 
now state and prove the following proposi- 
tions: 


PROPOSITION 1: For any feasible values of 
Y, b, and a, there exists a unique stable 
autoregressive parameter p for the wage pro- 
cess (T).? 


PROOF: 
Rearrange (11) as follows: 


(13) ĉ= ($ +P(1- ¢))/p 


Equating (12) to (13), cross-multiplying 
and collecting terms, we have: 


2(1— p)[@—p(1—)] 


O49 “Cep)le+e(l-a)l 


= y(b— pa). 


Denote the left-hand side of (14) as f(p) 
and the right-hand side as g(p). Define 
D(e) = f(p)— g(p). What we need to show 
is that D(p) equals zero only once over 
p E(—1,1). We need to prove this proposi- 
tion for each of two cases. 


Case 1: 0<¢<51/2, when 0<¢6<1/2, 
$/A— ¢) s1. 


2Details of the calculations in the proofs are avail- 
able from the authors. 
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D(p) 





FIGURE 1. THE FUNCTION D(p) FoR 0 < ¢ <1/2 


Straightforward calculation shows that, in 
this case, D(p) is a strictly convex, contin- 
uous function for p>-—¢/1— 4) with 
D(- ¢/(1— ¢))=+00 and D(1)<0. For 
p=(-1,-¢/1-$)), D(p) is strictly 
negative. Hence, over p€(-~1,1), D(p) 
equals zero for only one value of p. The 
function D(p), for this case, is depicted in 
Figure 1. 


Case 2: 1/2<@<1, when $¢€[1/2,1], 
o/U— $)>1. 


D(p) is a continuous, strictly convex func- 
tion over p € (—1,1) with D(—1) = + œ and 
D(1) <0. Hence D(p)=0 only once over ' 
p € (—1,1). The function D(p) for this case 
is depicted in Figure 2. 

We now can prove Proposition 2. 


PROPOSITION 2: Increases in y, the wage 
flexibility parameter, decrease the autocorre- 
lation parameter p. 


PROOF: 

We need to show that D(p) shifts down 
when y increases. Taking the partial deriva- 
tive of D(p) with respect to y yields 


aD(p) 
ay 





=-—(b-pa)<0 forp€(-1,1). 
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FIGURE 2. THE FUNCTION D(p) FoR1/2<¢<1 


Il. Behavior of the System 


We can now examine the lag patterns of 
prices and output and also the responsive- 
ness of the asymptotic variances of prices 
and output to changes in the wage flexibility 
parameter. The incorporation of the real rate 
makes it possible that an increase in wages 
and prices arising from a positive realization 
of the shock u, would lead to a contempora- 
neous increase in output, which is not possi- 
ble without the real rate of interest. 

By repeated lagging and substituting of (8) 
and (10), prices and output can be expressed 
as functions of current and all past shocks: 


(15a) P,=3{u,+(pt+1)u,_, 
+p(p+1)u,_.+p°(1+p)u,_3+...} 

(15b)  y, = w,u,+(w, + pw) 
X {u, 1+ pu,_2t p'u,_3+...} 


where 
(16a) = = (a(1+ p)—6)/2; 
(16b) w, = —(b/2). 


From (15a), we see that the price level ex- 
hibits a “humped” lag pattern. a positive 
shock u, pushes the price level up in the 
current period, then pushes it even higher in 
the next period, after which time the price 
level gradually decreases back to its long-run 
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value. This means that a current positive 
shock increases both the current price level 
and also creates expected inflation from the 
current period to the next. 

The increase in expected inflation associ- 
ated with the positive realization of u, means 
that the current-period real rate of interest 
can fall. Hence, output in the current period 
can increase. In terms of (16a), this means 
that w, could be positive. This feature of our 
model is clearly a result of the incorporation 
of the real rate of interest in aggregate de- 
mand. 

This “Tobin effect” of an increase in prices 
creating expected inflation which in turn 
creates a lower real interest rate can only last 
one period in our model. After that, the 
model predicts expected deflation, and the 
real rate must be above its long-run value. 
The quantity {w,+pw,} is negative, con- 
firming that the effect of a positive wage 
shock reduces output in subsequent periods, 
regardless of the first period effect. In Figure 
3, we sketch possible lag patterns for output 
and prices. 

The asymptotic variances of prices and 
outputs can be computed from (15) as 


(17a) 0? =02/2(1-p) 


(17b) 02 = {(b-a) +b? + pa(a—2b)} 
x 02/4(1—p). 


We can now state and prove the following 
proposition: 


PROPOSITION 3: Increases in y, the mea- 
sure of wage flexibility, decrease both price 
and output asymptotic variability. 


PROOF: 

From Proposition 2, we know that in- 
creases in y decrease p. 

Now, 


do?/dp = 02/2(1— p} > 0. 


Hence, increases in y decrease p which 
decreases price variability. 
For output variability, we compute: 


do2/dp = (b—a)'02/2(1—p) > 0. 
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w <O 


FIGURE 3. LAG PATTERNS FOR P, AND y, 


Hence, increases in y decrease p which de- 
crease output variability. 


IN. The Wage-Setting Process with 
a Larger Information Set 


Our model is similar to Taylor’s in that 
expectations in the wage-setting process are 
conditioned on information available at time 
t—1 rather than at time t£. We now investi- 
gate the model with the assumption of the 
larger information set. While analytic com- 
parative-static results are not available, sim- 
ulations indicate that increases in wage flexi- 
bility continue to produce decreased price 
and output variability. 

The only difference between the model we 
now investigate and the previous one is that 
expectations in the wage process are condi- 
tioned on current information: 


(18) X,=$X,_,+(1- $)E,X,41 
+y [oy $ (1- $)E Vaal + 4,. 
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TABLE 1— VARIANCES OF OUTPUT AND PRICES 


y 5 8 11 14 
1 5.19 3.69 2.70 2.24 
87 1.35 1.98 2.88 
2 2.99 1.95 1.43 1.10 
61 87 1.30 1.82 
3 2.03 131 94 74 
46 66 97 141 
4 1.55 98 72 54 
38 53 81 1.14 


Notes: Entries are o, o, respectively. For the simu- 


lations b/a =1.5, o? =1, and ọ =.5. 


The solution for the wage equation is now 
(19) X,=pX,_, + (2p(1+ yġar/2) 
/(2- y(b- pa)|)u, =pX,+ mu, 


where p is identical to p in the previous 
model. The only difference the expanded 
information set makes is that the coefficient 
on the current shock term in the autoregres- 
sive wage equation is no longer one, but a 
function of structural parameters. The con- 
straint that m equal the coefficient on u, in 
(19) implies the following expression for 7: 


(20) a = 2p/¢[2— yb]. 


Asymptotic variances of price and output 
now become 


(21a) of = 2707/2(1- p); 
(21b) 02 = 670? +((1—26) 17/4) 02. 


y 
Analytic results on the ‘comparative-statics 
effects of changes in y on oê and o? are not 
available, but the simulations displayed in 
Table 1 illustrate that over wide ranges of 
parameter values, both o and o? decrease 
as y increases. The expanded information 
set does not seem to affect the qualitative 


results of the preceding sections. 
TV. Conclusion 


Our results limit the possible scope for 
Keynes-Tobin instability which could arise 
from the interaction of “too rapid”? price 
and wage adjustment and real interest rate 
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effects. With economic agents that are par- 
tially forward looking, increased wage flexi- 
bility only improves the operating character- 
istics of the system even though the “Tobin” 
effect is operative in our model. However, in 
an attempt to obtain analytical solutions, we 
have only investigated the effects of serially 
uncorrelated wage disturbances in a two- 
period contract model and have not explored 


the effects of serially correlated disturbances, 


demand shocks, or longer contract length for 
Keynes-Tobin instability. a 
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On the Limitations of Government Borrowing: 
A Framework for Empirical Testing 


By James D. HAMILTON AND MARJORIE A. FLAVIN* 


How long can government budget deficits 
continue unchecked? This question raises two 
separate issues. First, are perpetual deficits 
desirable—are the effects on inflation, in- 
vestment, and the balance of payments ones 
that we can live with? Second, are perpetual 
deficits feasible—even if the government 
wanted to run a budget deficit forever, is this 
something it really could do? 

If we were talking about the budget plans 
of a private household, clearly the question 
of feasibility would be paramount, for we 
entertain little doubt that households would 
like to run a permanent deficit if they could 
get away with it, continually rolling over 
debt without having to pay anything back 
and enjoying the associated free lunch. We 
presume that households do not generally 
engage in such behavior primarily for the 
reason of feasibility—no one would be will- 
ing to continue lending money to such a 
household. For this reason, we usually specify 
that households are subject to the borrowing 
constraint that the expected present value of 
expenditures (exclusive of interest payments) 
not exceed the expected present value of 
receipts. 

The question we pose in this paper is 
whether governments are subject to an anal- 
ogous constraint—when a government runs 
a deficit, is it making an implicit promise to 
creditors that it will run offsetting surpluses 
in the future? If governments are subject to 
this constraint, which we will term the pres- 
ent-value borrowing constraint, the policy of 
running a permanent deficit (exclusive of 


*Department of Economics, University of Virginia, 
Charlottesville, VA 22901. This paper was written while 
we were visiting at the University of California-San 
Diego. We are indebted to Charles Engel, Ron Michener, 
and John Taylor for helpful comments. Research sup- 
port from the National Science Foundation under grant 
SES-8420434 is gratefully acknowledged. 
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interest payments) is infeasible; (though, as 
we shall see below, a permanent deficit when 
interest payments are counted as part of the 
deficit may still be feasible). The question of 
feasibility of a permanent deficit (exclusive 
of interest payments) holds profound impli- 
cations for macroeconomic theory and prac- 
tice. If governments intend to raise the 
needed revenues with future tax increases, 
then government deficits may have no 
stimulative effect on aggregate demand,! but 
can have significant distortionary effects on 
private incentives if the future tax increases 
are large (see Robert Barro, 1984b). On the 
other hand, if the revenues are to be raised 
implicitly through money creation, budget 
deficits can be a principal cause of inflation, 
as suggested by Thomas Sargent (1982) and 
Sargent and Neil Wallace (1981). 

Whether governments can continually run 
a budget deficit remains an unsettled theo- 
retical question. If the government borrows 
at an interest rate that equals or exceeds the 
economy’s growth rate, then a continuing 
unpaid deficit implies that the debt must 


1If government spending (G,), taxes (T,) and debt 
(B,) are related by 


o0 


L a+r) Ta 


œ 
B+ X (ltr) Ga 
4 = 


ji 


then any proposal that changes taxes but leaves spend- 
ing the same must be such that the right-hand side of 
the above expression remains constant. Thus, perma- 
nent income defined by 


Co 
D (1 A r) (WajLisj = Tisy) 
j= 


would be completely unaffected by any such tax policy. 
See Robert Barro (1974, 1984a) and Olivier Blanchard 
(1985) for further discussion. 
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grow to become an infinite multiple of GNP.” 
Equilibrium models in which investors would 
continue to buy government debt under such 
circumstances have proven difficult to de- 
velop; see Bennett McCallum (1984) for a 
clear discussion of the issues. If the real 
interest rate is less than the growth rate, by 
contrast, deficits could continue forever 
without an increase in the ratio of debt to 
GNP. Theoretical models that seem to allow 
this possibility have been explored by Wil- 
lem Buiter ‘(1979), Jonathan Eaton (1981), 
and Jeffrey Carmichael (1982), though these 
results have not gone unchallenged (see, for 
example, John Burbidge, 1983). 

In any case, it seems desirable to supple- 
ment these theoretical considerations with 
empirical evidence. David Aschauer (1985) 
and John Seater and Roberto Mariano 
(1985), among others, have tested the hy- 
pothesis that the government’s receipts must 
equal its expenditures in present-value terms 
jointly with a permanent income hypothesis, 
and accepted. Paul Evans (1985) docu- 
mented the absence of statistical correlation 
between U.S. budget deficits and interest 
rates, which he interpreted as evidence in 
support of this same joint hypothesis. Barro 
(1984b) tested the hypothesis that the gov- 
ernment is subject to the present-value bor- 
rowing constraint jointly with the assump- 
tion that taxation and deficit policies have 
historically been optimal, and again ac- 
cepted. However, to our knowledge there has 
been no direct empirical test of the present- 
value borrowing constraint itself. 


Again we are referring to the government deficit 
exclusive of interest payments. To take a simple exam- 
ple, let output Q(z) grow at the rate ¢(Q(t) = Qoe), 
and let spending gQ(t) and taxes xQ(t) be fixed multi- 
ples of GNP. If r is the cost of borrowing and B(f) is 
the debt, then debt accumulates according to 


daB/dt = (g—x)Q(t)+ rB(t) 
implying B(t) = (Bo+tQo(g—x)}e" ifq=r 
={(g~x)/(q—-r)}Qo(e% —e%)+Boe™ otherwise, 


which explodes relative to Qoe” whenever g>x and 
qzr. 
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At first glance, a test of the present-value 
borrowing constraint might seem straightfor- 
ward enough. The U.S. government, for ex- 
ample, has run more or less a chronic def- 
icit since 1930, suggesting that permanent 
deficits are quite feasible and practical. 
However, this simple argument ignores the 
potential role of debt retirement through 


- monetization and likewise ignores capital 


gains on bonds or tangible assets through 
inflation. Moreover, the official government 
deficit includes interest payments, whereas 
we will argue below that the correct magni- 
tude for purposes of testing the present-value 
borrowing constraint should exclude such 
payments. Finally, a formal test of whether 
historical deficits were rationally anticipated 
and allowance for what might rationally be 
expected to happen out of sample seems 
necessary to evaluate this hypothesis ade- 
quately. 

In this paper we propose an empirical 
framework for testing the practical limits to 
public borrowing which addresses these 
criticisms. We show that the proposition that 
the government can accumulate ever-grow- 
ing debt through perpetual deficit financing 
has a mathematical parallel in the proposi- 
tion that prices can rise continually in a 
self-fulfilling speculative bubble. Thus, em- 
pirical tests that have been developed for the 
latter hypothesis may also be fruitfully ap-- 
plied to study the limits of government bor- 
rowing. 

The conclusions we draw from these tests 
complement those of Barro (1984a) and 
Robert Eisner and Paul Pieper (1984), who 
have noted that while the official budget has 
registered a chronic deficit, the real value of 
government debt fell substantially in the 
postwar period, suggesting that the official 
accounts have grossly misstated the true fis- 
cal posture of the government. Once an eco- 
nomically reasonable definition of the gov- 
ernment budget deficit is adopted, the data 
seem fully compatible with the assertion that 
the government budget historically has been 
balanced in expected present-value terms. 
Our tests show this conclusion to be rea- 
sonably robust with respect to specification 
of the information on which creditors were 
basing their forecasts of future surpluses. 
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Past deficits have been followed by increases 
in revenues which covered the government’s 
interest obligations, though the implicit “in- 
flation tax” has historically made an im- 
portant contribution. 

Section I provides a formal statement of 
the present-value borrowing constraint.to be 
tested. Section IT briefly discusses some is- 
sues of data and measurement. In Section III 
we present the results of alternative em- 
pirical tests of whether the postwar record of 
budget deficits in the United States could be 
consistent with the present-value borrowing 
constraint under rational expectations, with 
brief conclusions offered in Section IV. 


I. The Present-Value Government 
Borrowing Constraint 


Suppose we collected all government debt 
of a given coupon and maturity into group j. 
Let d, , denote the nominal market value of 
such debt at the end of period ¢ and 6, , the 
total nominal coupon payments between 
dates ż—1 and t. We further let P, denote 
an aggregate price index of goods in the 
economy and r the ex post real interest rate 
that is earned on one-period government 
bonds during an average year. 

Suppose no new bonds of type j are is- 
sued or redeemed during period t. Then 
changes in the market value of group j debt 
can be evaluated using a simple term-struc- 
ture argument. Define v,, to be the real 
excess one-period holding ‘yield of j} bonds 
relative to the average earned on a compara- 
ble investment in one-period bonds: 


(1) », a it Ge (i+r)d jt 
ald P, P 
t t-1 

If real interest rates were white noise (or 
constant) and if the expectations theory of 
the term structure held, then E,_,v, , would 
equal zero. In general, positive values of Vj,t 
mean bondholders have made a capital gain 
on long-term government debt, or that 
short-term rates are higher than average. 

The market value of outstanding govern- 
ment debt will also change due to operations 
of the Treasury and Federal Reserve. Let T, 
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denote real tax revenues, G, real government 
purchases of goods (excluding interest pay- 
ments on the debt), and R, the dollar flow of 
nominal interest payments made to the pub- 
lic divided by the price level. Thus, the offi- 
cial deficit in constant dollars is measured by 


(2) f GF R,-T, 


and new debt must be issued in this amount 
during the year. Changes in the stock of 
high-powered money (M,) likewise retire an 
amount of debt whose market value is? 

(3) (M,- M,_1)/P,. 

Finally, let B, denote the real market value 
of debt held by the public (B, = Ld; ,/P,). 
From (1)-(3), its value is given by 

20, ,/P, + Ly 

j J 


(4) B,= (lt+r)B,_.- 


+G,+R,—T,—(M,— M,_,)/P,+U,,,. 
In principle, equation (4) might be thought 
of as an accounting identity. In practice, we 
must append the error term U, , since bond 
purchases or sales towards the beginning of 
the period would have taken place at market 
prices closer to those characterizing B,_, 
rather than B,, and since measurements of 
the real market value of net government 
indebtedness are necessarily imperfect (see 
Section II below). Again abstracting from 
this issue of intraperiod timing, note further 
that £6, ,/P,+U,,,=R,. Thus 


(5S) B,=(1+r)B_,-S,+¥, 
where 
(6) S,= T, + (M,— M,_,)/P, - G, 


v= Dojet Urt Une 
J 


3We are formally modelling assets held by the 
government as negative values of d, ,, so that foreign 
exchange transactions by the Federal Reserve are also 
included in (3). Details of the variables used in the 
empirical analysis are provided in Section II. 
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The key points to note about (5) are: (a) it 
describes the market rather than the par 
value of government debt, since open mar- 
ket operations by the Federal Reserve retire 
debt at market value; (b) the measure of the 
surplus S, excludes interest payments from 
government spending; and (c) money sei- 
gniorage (M, — M,_,)/P, is added to taxes 
T, as a source of revenue for retiring out- 
standing government debt. 

By recursive substitution forwards, equa- 
tion (5) is seen to imply 


X (S-V) (1+r)'By 
(7) B= D (+r) (+r) 


Equation (5) and its implication (7) cannot 
be a point of serious controversy, for they do 
little more than summarize the definitions of 
monetary and fiscal policy. What is of eco- 
nomic interest (and subject in principle to 
empirical refutation) is what creditors expect 
to happen to the second term in (7) as N 
gets large. Indeed, letting E, denote the ex- 
pectations of creditors based on information 
available at date ż, it is clear from (7) that 
the hypothesis that the government is subject 
to the present-value borrowing constraint, 


S (S:-V,) 
(8a) Hy: B,= E, L Ta EE? 
i=141 (+r) 


is mathematically equivalent to the restric- 
tion that the real supply of bonds held by 
the public is expected to grow no faster on 
average than the rate of interest: 


: By 
Ho: E, lim PG 
No (1+r) 


(8b) 


. Using the equivalence between (8a) and 
(8b), we are now in a position to comment in 
more detail on the precise nature of the 
present-value borrowing constraint. Note 
first that condition (8) can be consistent with 
a permanent government deficit as conven- 
tionally measured, that is, inclusive of inter- 
est rates. If a constant (interest inclusive) 
deficit of —S,+V,+7rB,_,=k were main- 
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tained forever, for example, we see from (5) 
that By=Nk+ B) and limy_,,,.By/+ 
r)“ = 0. Thus a policy of keeping the interest 
component of the deficit from rising will 
ultimately force the government to pay off 
its debts in present-value terms. On the other 
hand, a permanent deficit exclusive of inter- 
est payments — S, + V,=k is not consistent 
with (8), for then By=k[(it+r)%—1])/r+ 
(1+r)*%By and limy.,,.By/(+r)*%=k/r 
+ By. Recall McCallum’s demonstration that 
a permanent deficit inclusive of interest pay- 
ments could be consistent with optimizing 
behavior by bondholders (and would satisfy 
our condition (8), whereas a permanent def- 
icit exclusive of interest payments is not 
consistent with optimizing behavior in his 
model (and would violate (8)). Finally, we 
note that condition (8) does not imply that 
the national debt must eventually be paid 
off. In fact, (8) is consistent with a con- 
stantly increasing stock of debt, as long as 
the rate of increase is less than the govern- 
ment’s borrowing rate. Rather, the question 
we pose is whether interest on this debt is to 
be paid with future tax increases or instead 
with continual issue of new debt. 

If (8) represents the null hypothesis that 
the government budget must be intertempor- 
ally balanced, how may we usefully frame 
the alternative possibility that government 
deficits (i.e., negative values of S,) need not 
be balanced with future surpluses? One in- 
teresting class of alternative hypotheses is 
obtained by assuming that 


E, lim [By/1+r)”]=4>0. 


Thus, we allow the possibility that a certain 
annual amount of real government expendi- 
tures r(Ag — Bo) need never be paid for with 
taxes. From equation (7) we then obtain 


Z = (S;-V;) t 
(9) B= ED Gin ym + A,(1+r) 


as a general class of solutions to (5). The 
hypothesis H, that the government bud- 
get must be balanced in present-value 
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TABLE 1— ILLUSTRATIVE SUMMARY OF ADJUSTMENTS TO OFFICIALLY REPORTED SURPLUS 
FOR FISCAL YEAR 1974 AND FOR DEBT AT END OF FISCAL YEAR 1974 
(Millions of current dollars) 


Surplus: 
Officially Reported Surplus 
Plus: interest 


Minus: interest paid to government trust funds 


Minus: deposit of Fed earnings 
Plus: change in agency securities 


Equals: Measure of surplus in which interest payments are excluded 


Plus: net capital gains on gold stock 
Plus: money seigniorage 
Equals: true surplus (current dollars) 
Divided by: consumer price index 
Equals: true surplus (1967 dollars) 
Debt: 
Officially Reported Debt 


Minus: investments in government accounts 


Equals: par value of Treasury debt 
Multiplied by: martket-par ratio 
Equals: market value of Treasury debt 
Minus: currency in circulation 

Minus: member bank reserves 


Equals: market value of net interest-bearing debt held by public 


Minus: Treasury operating balance 
Minus: market value of gold holdings 


Equals: adjusted government debt (current dollars) 


Divided by: consumer price index 


Equals: adjusted government debt (1967 dollars) 


terms holds true if and only if 4 = 0 in equa- 
tion (9). 

Equation (9) is mathematically equivalent 
to the models of self-fulfilling fads or specu- 
lative bubbles first explored by Robert Flood 
and Peter Garber (1980). We accordingly 
propose that such tests might also be fruit- 
fully applied to understanding the limits of 
government borrowing. The next section dis- 
cusses the data on which such tests might 
be based, while Section III summarizes our 
results. 


II. Issues of Data and Measurement 


This section, inspired in part by Barro 
(1984a) and Eisner and Pieper, briefly dis- 
cusses how the theoretical magnitudes ap- 
pearing in our equation (9) are related to the 
budget figures actually reported in the United 
States. Complete details are provided in a 
data appendix available from the authors on 
request. 


— 3,460 
+ 28,072 
— 6,583 
— 4,845 
+903 
+14,087 
+ 3,250 
+11,331 
+ 28,668 
+ 1.469 
+19,515 








474,235 
—140,194 
334,041 
0.951 
317,740 
-73,833 
— 30,086 
213,821 
-9,159 
— 39,951 
164,711 
+1.469 
112,124 

















A. Interest Payments 


The theoretical measure of government 
spending (G,) in the above derivation ex- 
cludes outlays for interest payments. Cor- 
recting the officially reported surplus (Ê - 
G,) to exclude interest payments from G, 
requires three steps. 1) Add to (T,- G,) total 
interest paid by the government. 2) For data 
prior to the accounting change in 1982, avoid 
double counting by subtracting back out that 
part of this Treasury interest that was paid 
directly into government trust funds such as 
Social Security. 3) Likewise subtract the de- 
posit of Federal Reserve earnings which are 
already included in T, under miscellaneous 
receipts. Sample calculations for corrections 
to the deficit and debt are provided in Ta- 
ble 1; the actual series used in our empirical 
work are reported in Table 2. 

Some debt is issued by various federal 
agencies in addition to that issued by the 
Treasury. Outlays for the service of such 
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TABLE 2—ADJUSTED VALUES FOR SURPLUS AND DEBT 
(Millions of 1967 dollars) 


Fiscal Adjusted Surplus Adjusted Debt for 
Year for Fiscal Year End of Fiscal Year 
1960 + 8,533 167,954 
1961 +921 170,826 
1962 +2,117 176,187 
1963 + 3,697 177,944 
1964 + 3,968 176,036 
1965 + 9,604 173,319 
1966 +11,514 160,103 
1967 +7,997 157,441 
1968 — 3,262 162,227 
1969 +14,142 144,302 
1970 +6,529 136,877 
1971 —3,631 145,977 
1972 +1,812 151,836 
1973 +13,451 136,272 
1974 +19,515 112,124 
1975 ~ 13,152 134,673 
1976° — 35,480 185,230 
1977 — 4,162 191,707 
1978 + 3,022 183,956 
1979 + 28,211 148,641 
1980 } + 20,506 121,432 
1981 27,747 145,895 
1982 — 22,147 209,445 
1983 — 38,336 265,164 
1984 ~- 28,675 303,205 


“®Data for fiscal year 1976 include the transition 
quarter (July 1, 1976 through September 30, 1976). 


debt are presently included as expenditures 
of that agency, and should be subtracted 
from G, to arrive at our measure of G,. 
Unfortunately, such data are not readily 
available. Since agency debt is small (for 
example, $12 B in 1974 compared with $475 
B in Treasury debt), little harm can come 
from assuming that the present-value rela- 
tion holds for agency debt, in which case we 
could approximate the present value of later 
agency interest payments by the current 
market value of new agency debt issue. Thus, 
we subtract new issue of agency securities 
from G,, and do not count the market value 
of agency securities in our measure of public 
holdings of government debt, B,.4 


4To take a simple example, suppose that in year 1 
spending exceeds taxes by $1, with the shortfall made 
up by $1 issue of new agency debt. In all subsequent 
years, interest spending is $r and taxes are correspond- 
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B. Trust Funds 


Some might argue that trust fund holdings 
are to be used against the government’s lia- 
bilities implied by future Social Security ben- 
efit payments. It seems to us that this is an 
inaccurate interpretation. Such programs are 
not a current liability in the sense that they 
can be associated with any concrete number. 
Rather, they represent the outcome of an 
uncertain political process, and the correct 
way to represent this “liability” is by the 
discounted cash flow of an entry on current 
account rather than any dubious imputation 
to capital account. For this reason, we follow 
the official accounts in registering net Social 
Security inflows or outflows on the deficit 
account, but differ from the official accounts 
on the debt account. The correct measure 
subtracts that money which is owed from 
one branch of government to another. 


C. Off-Budget Items 


Starting in 1971, the activities of certain 
agencies such as the Postal Service Fund and 
Rural Electrification and Telephone Revolv- 
ing Fund are characterized as “off-budget.” 
Any deficits of such operations require the 
issue of Treasury bonds, though they do not 
count in the officially measured deficits of 
the U.S. government. 

Suppose that these funds were indeed used 
primarily to issue market-interest loans to 
the private sector. Imagine the agency issu- 
ing a $1 loan financed through a $1 sale of 
Treasury bonds, and so running an off- 
budget $1 deficit for that year. In the follow- 
ing year, the agency receives $r as interest 
payments from the private sector, but the 
Treasury pays $r back to the public as inter- 
est on the T bond. For this year, the official 
budget and off-budget items would accord- 
ingly sum to a zero net deficit. Thus, the 


ingly higher by $r. In the accounts as actually reported, 


this policy would be associated with a $1 deficit in year 
1 and no surplus in subsequent years. In our proposed 
measure, by contrast, the deficit is zero in all years; i.e., 
agency debt has no effect on the present-value calcula- 
tion for Treasury debt, as it should not in this case. 
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present-value budget across the two years 
would register a deficit if one combined the 
official budget and: off-budget items into a 
single account, whereas the operation itself 
is clearly fiscally neutral—the government 
issued a $1 Treasury bond but acquired a $1 
private bond, and has simply swapped like 
assets with the public. A correct measure 
would be obtained in this case if we adopt 
our convention of excluding Treasury inter- 
est payments from G, and simply ignore the 
off-budget surplus or deficit altogether. 

Of course, these programs are not pure 
market loans but in fact have a substantial 
subsidy aspect. Our only justification for 
ignoring this is that it is difficult to quantify 
and presumably small relative to the com- 
plete budget. 


D. Net Government Indebtedness 


Eisner and Pieper have begun the difficult 
task of quantifying the market value of vari- 
ous tangible assets owned by the govern- 
ment. The question for purposes of the pres- 
ent study is, do government bondholders 
believe that future interest payments will 
really be met through sale of such assets, 
rather than by more conventional means such 
as tax revenues or monetization? Our own 
view is that, for the vast majority of these 
assets, the promise of substantial liquidation 
of government tangible assets is not a politi- 
cally credible backing for U.S. Treasury debt. 

One important exception is the govern- 
ment’s gold holdings. There is abundant his- 
torical evidence that governments willingly 
draw down: or deplete these stocks in the 
wake of fiscal crises; this indeed is presum- 
ably the primary purpose of holding such 
stocks in the first place. Let Au, denote the 
government’s gold holdings in ounces, pru 
the price per ounce of gold, and D, the 
nominal value of debt, all measured at the 
beginning of period ¢. Let P,S, denote the 
correctly measured surplus during period t 
(excluding interest payments from spending 
but making no correction for gold flows), 
and let i, be the one-period interest rate, 
which for simplicity we assume is the same 
for all bonds. If at the end of period ¢ the 
government sells off some amount of gold 
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(Au, — Au,,, > 0) at price P.4“ and uses the 
proceeds to retire debt, then next period’s 
debt will be given by 


D,+1= (1+ i,)D,- BS, 


Sis Aun) PAY 
which can be written as 
(D, +17 PAY Au 1) = (1+i,)(D,- P*"Au,) 


+(i,— 7/4") PA“Au, — PS, 


where 74" = ( PA" — P4“)/PA". Thus, if we 
define true government indebtedness as the 
stock of Treasury debt held by the public 
less the current market value of the govern- 
ment’s gold holdings (i.e., as D,— P“Au,), 
the equation governing the evolution of true 
government indebtedness is obtained by sub- 
tracting (i, — 7,4“) P/“Au, from the officially 
measured surplus (T, — G,). 

For fiscal year 1974, gold prices increased 
by 17.16 percent, whereas the nominal inter- 
est rate on one-year government bonds was 
7.56 percent. Based on a market value of the 
government’s gold holdings of $33.8 B, a 
sum of (.1716 — .0756)(33.8) = $3.2 B should 
be added to the surplus for fiscal year 1974 
to represent capital gains from gold. 

. We also need to subtract liquid assets held 
by the Federal Reserve from our measure of 
the government debt (see fn. 3). Since these 
are all carried on the books at par value, the 
simplest way to construct the correct mea- 
sure of the market value of these assets is 
from the liabilities side, namely, by sub- 
tracting high-powered money from out- 
standing government debt to get a measure 
of net interest-bearing debt held by the pub- 
lic. The Treasury operating cash balance 
must also be subtracted to arrive at the 
figure B, appearing in equation (5). 

Painstaking calculations of the true market 
value of government debt based on actual 
market quotations of outstanding securities 
have been updated by W. Michael Cox 
(1985). At the end of fiscal year 1974, out- 
standing government debt was trading at a 
market value of only 95 percent of its par 
value. 
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"E. Money Seigniorage 


When the Federal Reserve acquires a 
Treasury bond, future interest payments on 
that bond accrue to the Fed and are counted 
as part of tax revenues under “Miscella- 
neous Receipts” in the official budget. Since 
the present value of this tax benefit is equal 
to the Fed’s initial cost of the bond, seignior- 
age is in this sense theoretically already in- 
cluded in the budget. In practice, however, 
any finite-sample estimate of the discounted 
value of these miscellaneous receipts must be 
less than the discounted value of M,,;— 
M,.;—1, because open market purchases to- 
wards the end of the sample period have not 
yet. been amortized. For this reason, we 
exclude deposits of Fed interest from our 
measure of T, and include the seigniorage 
measure (M,—M,_,), where M, denotes 
high-powered money (the sum of currency in 
circulation plus reserves of member banks). 


Ii. Empirical Tests 


We are interested in the question of 
whether the U.S. government’s creditors 
could rationally expect that the government 
budget would be balanced in present-value 
terms. In the light of the discussion of Sec- 
tion I, we state this hypothesis as the restric- 
tion A, = 0 in the formulation 


(10) B,=A,(1+r)' 


oO . 
+E, (itr) ’S,., +0, 
jel 


where B, and S, are the adjusted debt and 
surplus series reported in Table 2 and n, isa 
regression disturbance term reflecting ex- 
pected changes in real short-term interest 
tates, the term structure of long rates, and 
measurement error. The operator E, denotes 
the expectations of creditors, which we as- 
sume are formed rationally. 

Equation (10) is mathematically equivalent 
to the model proposed by Flood and Garber 
for studying self-fulfilling hyperinfiations. 
However, Hamilton and Charles Whiteman 
(1985) expanded on the caveat stated by 
Flood and Garber that their technique im- 
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plicitly imposes strong restrictions on the 
variables used by agents in forming expecta- 
tions E, and on the dynamics allowed for n,. 
Behzad Diba and Herschel Grossman (1984) 
and Hamilton and Whiteman suggested that 
a more general test should first be consid- 
ered which is more robust with respect to 
such restrictions. In particular, for any sta- 
tionary process for (n,, E,L°_,(1+r)S,,;); 
when A,=0, B, will be stationary, whereas 
for A,y>0, B, will not be stationary. We 
accordingly initially examine two simple 
tests. 


A. Dickey-Fuller Test for Unit Roots 


David Dickey and Wayne Fuller (1979, 
p. 431) suggested the following test of the 
null hypothesis that a series z, is nonsta- 
tionary with unit roots. Estimate 


2,— 2,1 = Po + YZ- 
+ Yalz, E Z,-2)+ ezt 


by ordinary least squares, and calculate 
Ņı/ô, where ô, is the OLS. standard error 
for y. The null hypothesis (nonstationarity) 
says this statistic should be zero; the alterna- 
tive (stationarity) says less than zero. 

Using the data in Table 2 we estimated 
the following equation by OLS for t =1962 
to 1984 (standard errors in parentheses): 


S,~S,_,=—0.53 — 0.70S,_, 
(3.27) (0.24) 


+ 0.38(S,_1 — S,_-2)+ és 
(0.24) 


B,— B,_,= 79.63 — 0.48B,_, 
(28.13) (0.17) 


+1.02(B,_;~ B,2)+é,, 
(0.22) 


The Dickey-Fuller test statistics are — 2.92 
in the case of the surplus and — 2.82 in the 
case of debt, to be compared with a 5 per- 
cent critical value of —3.00 and 10 percent 
value of —2.63 reported in Fuller (1976, 
Table 8.5.2, p. 373). The data thus favor 
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rejection of the null hypothesis of non- 
stationarity in both cases; that is, the data 
seem fully compatible with the assertion that 
investors rationally expected the budget to 
be balanced in present-value terms. 


B. Generalized Flood-Garber Test 


If expectations of future surpluses are con- 
ditioned in part on past surpluses and if we 
include lagged debt to eliminate the serial 
correlation of the resulting error term, then 
equation (10) takes the form 


+... +c,B,-p 


+ bos, + biS, 


Part boae t Te 
(Here e, is the residual from a projection 
of [EE 1t r) Snan] on [S,, S,1, 
--:Sp-p+1> By_1, Bi-2- -+ B-p and a 
constant].) If one were willing to impose 
stronger restrictions on the dynamics of n, 
and on the information set used by creditors, 
then one would want to estimate (11) jointly 
with cross-equation restrictions on the pro- 
cess followed by S,, as in Flood and Garber’s 
study of money demand. In the absence of 
such restrictions, Hamilton and Whiteman 
showed that the coefficients c;,b; are un- 
restricted, and a more general test of Ho is 
obtained by simple OLS estimation? of (11): 


B,= 48.41 — 22.68 (1+r)‘+ 0.69 B 
(26.40) (21.29) 0.2 


+ 0.20 B,.- 


1.30 S,— 0.63 S,,+4,. 
(0.24) 


(0.13) (0.31) 


5 Flood and Garber note in their fn. 18 (p. 754) that 
caution must be exercised in interpreting the usual t-test 
in this application. An added complication for our 
application is that under some specifications of the 
alternative hypothesis Ag could be regarded as a ran- 
dom variable. A related issue arises in interpreting 
Flood and Garber’s results if it were thought that some 
random economic event set off the speculative bubble. 
Our Dickey-Fuller test is likewise not without prob- 
lems; if (8) fails, the nonstationary root is not unity as 
the Dickey-Fuller tests assume but rather (1+ r). 
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We took r=0.0112, the average ex post 
real rate over 1960-84. This equation clearly 
yields no indication that government debt 
tends to be growing at rate r; the coefficient 
Ag is Statistically insignificant, and, if any- 
thing, negative in sign. 

While the two tests employed above are 
more general than most of those appearing 
in the literature on speculative price bubbles, 
the motivating assumption that {£,L5_,( 
+r)%S,,;} follows a stationary process is 
still not completely general. In particular, if 
one admits the possibility of out-of-sample 
changes in regime, the parameter Ay in 
equation (10) would be unidentified (see 
Hamilton, forthcoming, and the references 
therein). One might further want to admit 
the possibility of a change in regime in which 
the government budget had been expected to 
be balanced in present-value terms up until 
some date ¢ and only after that date was a 
permanent deficit introduced, in which case 
the corresponding “bubble” term would be 
zero up until date ¢ and 4,(i+r)"~' for 
T>t. 

One obvious candidate for a possible 
change in regime in both the {S,} series and 
the bubble term A,(1+7)! is the inaugura- 
tion of Ronald Reagan as president in 1981. 
As a general test of this possibility, one can 
imagine allowing all of the parameters in 
(11) to take on different values before and 
after 1981, and seeing whether the post-1981 
Ag is still zero. Unfortunately, there are in- 
sufficient degrees of freedom to carry out 
such a test; if one believes that a change in 
regime occurred in 1981, it is impossible to 
determine statistically whether the change 
represents a new time series process for {S,} 
that is still consistent with (8), or instead 
represents a change to a nonzero value for 
the bubble term A). Distinguishing between 
these possibilities must await additional data. 
What one can say, however, is that the cas- 
ual impression afforded by the official deficit 
series—that the government has been run- 
ning a permanent deficit for 25 years in 
complete disregard of the present-value bor- 
rowing constraint—is not supported by a 
closer inspection of the data. For the sample 
taken as a whole, the data appear quite 
consistent with the assertion that the govern- 
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ment has historically operated subject to the 
constraint that expenditures not exceed re- 
ceipts in expected present-value terms. 


C. Restricted Flood-Garber Test 


The test actually used by Flood and 
Garber (1980) would be valid for our appli- 
cation only under the further restrictions 
that n, follows a white-noise process 


(12) n,=k+e,, 


and that creditors’ expectations of future 
surpluses are based solely on realizations of 
past surpluses.® A straightforward manipula- 
tion of the formula derived by Lars Hansen 
and Sargent (1981, p. 99) yields that for 


(13) S, = k, + aS, + aS, 2 
+ a358,_3 + Erps 


then 


foe] 
(14) É, X b%S,,; 
j=l 
bk, 
(1-b)(1— a,b- a,b? — a,b’) 


N (a,b + a,b? + a,b°)S, 
(1- a,b- a,b? — a,b°) 


: (a,b + a,b7)S,_, 
(1- a,b — a,b" — a,b?) 


(a3b)S,-2 
(1-ab- a,b? —a,b*)’ 


©The second assumption in particular is admittedly 
unrealistic. Indeed, it can be shown that expectations 
must be based on additional information besides S, 
(namely, on the exogenous shocks to which the endoge- 
nous policy variable S, responds) if equation (8) is to 
hold, because the forecast errors (E, — E,_,)S,4; can- 
not be fundamental for S,. It nevertheless seems of 
interest to see how good an approximation one gets to 
the data by ignoring this difference between the true 
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. TABLE 3— ESTIMATES OF PARAMETERS 
IN EQUATIONS (13) AND (15) 


Parameter Estimate Standard Error 
Ao . ~ 61.52 (58.20) 
ky 241.51 (68.87) 
ky 0.90 (3.83) 
a, 0.15 (0.19) 
a — 0.47 (0.22) 
a3 —0.51 (0.20) 


where Ê (Y) = E(Y|S,, S,1, S,-2,...) and 
b=1/(1+ r). Substituting (12) and (14) into 
(10) yields 


(15) B,=A,(1+r)'+k, 


_ (ab + a,b? + 250°) 5, 
(1- a,b — a,b? — a,b’) 


(a,b + a,b?)S,_, 
(1- ab- a,b? —a,b°) 


(a3b)S,-2 
7 a ey Pa Te 
(1-a,b— a,b —a,b ) 


We estimated equations (13) and (15) jointly 
by nonlinear least squares for t=1963 to 
1984. Parameter estimates and standard er- 
rors are summarized in Table 3. 

As in the less restrictive tests above, we 
note that there seems to be no role whatever 
for the bubble term; Ap is statistically in- 
significant, and, if anything, negative. The 
assumption that bondholders rationally ex- 
pected the debt to be paid back in present- 
value terms fits the data better than the 
assumption that debt has simply accu- 
mulated with an ever-growing interest load. 
Moreover, for these parameter estimates, 
equation (15) has an R? of 0.53; that is, 
more than half of the observed variance in 
the market value of real government debt 


forecasts of creditors (£,5S,,;) and our econometric 
forecasts (E,S,,;) based on a univariate autoregression 
for S,. 


818 THE AMERICAN ECONOMIC REVIEW 


could be explained from a rational expecta- 
tions forecast of the discounted value of 
future surpluses. Note such high explanatory 
power is achieved despite the fact that all of 
the other parameters that characterize the 
dynamics of outstanding debt in equation 
(15) are tied down by the univariate process 
for surpluses (13), and such parameters ap- 
pear in (15) only to the extent that they 
could characterize rational expectations fore- 
casts of future surpluses. The high R? is also 
achieved despite the omission of all of the 
additional variables besides past surpluses 
that would be used by agents to forecast 
future surpluses. 

Of course, to achieve such a fit to the data, 
the regression is forced to fit strongly nega- 
tive coefficients in the autoregressive process 
for surpluses at two- and three-year lags, as 
the values in Table 3 indicate. Bondholders 
must assume that big deficits typically only 
last a year or two, and will later be balanced 
out with surpluses. There is indeed moderate 
support for this position in a completely 
unconstrained OLS estimate of the latter 
regression: 


S,=~0.30 + 0.62S,_, 
(3.51) (0.23) 


—0.30S,_.—- 0.20S,_5 + êz, 
(0.28) — (0.27) 


The restricted rational expectations esti- 
mates of Table 3 simply exaggerate this fea- 
ture in the data. Overall, then, the present- 
value hypothesis seems to hold up quite well. 


IV. Conclusions 


In this paper we have examined the prop- 
osition that in order to be able to issue 
interest-bearing debt, a government must 
promise to balance its budget in expected 
present-value terms. We suggested a battery 
of empirical tests of this proposition, some 
of which are quite robust with respect to 
assumptions about the dynamics of variables 
that are seen by agents but not the econo- 
metrician, and others which are highly re- 
strictive. The conclusion from all our tests, 
however, is the same—the. proposition that 
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the government must promise creditors that 
it will balance the budget in expected pres- 
ent-value terms seems largely consistent with 
postwar U.S. data. 

This result might seem surprising since the 
official budget accounts register essentially 
uninterrupted deficits for the United States 
from 1960 to 1981. However, the real value 
of government debt held by the public actu- 
ally fell during this period, indicating that 
the continuing reported deficits grossly mis- 
stated the true fiscal posture of the govern- 
ment. We suggested an alternative measure 
of the government deficit that takes into 
account revenues from monetization and 
capital gains on gold but excludes interest 
payments. From the time-series properties of 
the adjusted deficit series, one can construct 
a rational expectations forecast of the pres- 
ent value of future government budget sur- 
pluses. Such a forecast series can account for 
53 percent of the observed variance of real 
government debt under the assumption that 
the government budget must be balanced in 
present-value terms. 

If our conclusion on the limitations of 
government borrowing is correct, then the 
prevailing sentiment in Washington that cur- 
rent deficits can continue forever is wrong; 
the adjusted deficit series must soon turn to 
surplus. One policy change that could turn 
the adjusted series to surplus would be a 
resurgence of money growth. 
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Tax Holidays as Signals 


By Eric W. BOND AND LARRY SAMUELSON* 


When establishing new plants overseas, 
multinational firms are often offered sub- 
stantial investment incentives by host coun- 
tries. Examples of the types of subsidies 
offered by host countries include reduced tax 
rates in the early years of operation, cash 
grants, subsidized loans, and labor training 
grants. These subsidies have become a 
widespread practice in both developed and 
developing countries, and play an important 
role in efforts to secure foreign investment. 
In the Common Market, for example, re- 
gional incentive programs have become so 
prevalent that maximum incentive levels have 
been imposed that limit the size of subsidies 
offered.* Investment incentive programs have 
also become important parts of successful 
development programs in Taiwan, Korea, 
and Puerto Rico. Within the United States, 
investment incentives to attract firms have 
become an integral part of the economic 
programs of many states. 

One common feature of these programs is 
that the benefits to firms are concentrated in 
the early years of operation. The archetype is 
the tax holiday, in which the firm receives a 
reduced tax rate for a fixed period of time 
but pays taxes at a higher rate when the 
holidays expires. This practice is puzzling. If 


*Department of Economics, Pennsylvania State Uni- 
versity, University Park, PA 16802. The helpful com- 
ments of Barry W. Ickes are gratefully acknowledged, as 
is financial support from the National Science Founda- 
tion. We are especially appreciative to Chris Doyle for 
detailed comments that made a significant contribution 
to the final version of the paper, particularly to the 
formulation of the extensive form of the model. 

1Douglas Yuill and Kevin Allen (1981) survey nine 
regional incentive programs in Europe and find that all 
countries offer capital grants and interest rate subsidies, 
four offer tax concessions, and four offer labor-related 
subsidies. The legal maximum on grants imposed by the 
Common Market is 60 percent of the cost of the project. 
Bond and Stephen Guisinger (1985) found that in some 
industries in Ireland, as much as 40 percent of the 
protection received by firms is provided by subsidies of 
this type. 
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the firm and the country have similar dis- 
count rates, why does the reduction in tax 
rates invariably take this form rather than a 
uniform tax reduction with equivalent pres- 
ent value? 

A bargaining-based explanation of tax 
holidays has been offered by Chris Doyle 
and Sweder van Wijnbergen (1984). They 
observe that once a firm has entered a coun- 
try and incurred fixed costs, the bargaining 
power of the country increases. The relative 
attractiveness to the firm of other locations 
has decreased, since host-country sunk costs 
have been paid, and the country can exploit 
this lock-in effect to increase tax rates. In a 
multiperiod model, the result of the bargain- 
ing process will then be a tax rate that 
increases over time, reflecting the increased 
bargaining power of the country. This model 
offers many insights. However, it does not 
examine a potentially important aspect of 
tax holidays, their role as a signal. 

Our analysis begins with the presumption 
that a firm is uncertain as to the productivity 
of the country in which it will potentially 
locate. A tax holiday (as opposed to uniform 
tax rates) may play the role of a signal in 
this model because it potentially allows 
high-productivity countries to distinguish 
themselves. A tax holiday does this by call- 
ing for subsidies in early periods, in which a 
country’s productivity is unknown. Tax pay- 
ments occur in subsequent periods, in which 
the country exploits the fixed investment 
made by the firm. The firm will tolerate 
relatively high subsequent tax rates in a 
high-productivity country, allowing the latter 
to recoup its initial subsidies. However, the 
firm will abandon a low-productivity coun- 
try rather than pay such rates, preventing the 
low-productivity country from recovering its 
initial subsidies and profitably offering a 
similar tax holiday. The high-productivity 
country can then use tax holidays to identify 
itself, inducing firms to enter at higher tax 
rates than would be the case without such 
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identification. Tax holidays are thus an opti- 
mal means by which to convey information. 

Two results distinguish our model of tax 
holidays from the conventional analysis. 
First, the conventional model requires the 
presence of fixed cost in order to generate a 
tax holiday. We find that if the source coun- 
try is sufficiently attractive relative to the 
host country, a tax holiday will appear in 
spite of the absence of any fixed cost. Sec- 
ondly, we find that the presence of uncer- 
tainty can.lead to a stricter form of tax 
holiday (in which the first-period tax rate is 
negative) than would occur in the conven- 
tional model. It is accordingly clear that the 
potential for tax holidays to act as signals 
has important implications. 


I. The Model 


We consider a single firm and country, 
referred to as a foreign country, who bargain 
over the tax rates to be paid by the firm if it 
establishes a plant in the country. The firm is 
a monopolist serving a world market, and 
must decide whether to locate the plant in its 
home country or in a foreign country. An 
initial investment of fixed cost K is required 
if the plant is located in the foreign country. 
This allows the firm to earn a flow of quasi 
rents per period, R, equal to the difference 
between the revenue received from sales and 
the cost of locally purchased variable fac- 
tors. The quasi rents earned by the firm if it 
enters the foreign country will depend upon 
the quality of the country’s labor force, in- 
frastructure, or economic and political sta- 
bility. We assume that the country is one of 
two possible types, termed high-productivity 
(H) and low-productivity (L) countries. 
Quasi rents per period are Ry in the H 
country and R; (< Ry) in the L country. 
The local characteristics that determine R 
can presumably be ascertained by the coun- 
try, and we accordingly assume: that coun- 
tries know their own productivities. In con- 
trast, the firm is unlikely to be able to collect 
sufficient information about the country to 


learn its productivity with certainty. We let - 


p be the (possibly subjective) probability 
assigned by the firm to the event that the 
country is an H country, with probability 
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1— p that the country is an L country. We 
denote. expected quasi rents when country 
type is not known by Rp= pRy +(1— p)R_. 
Upon entering the country and undertaking 
production for one period, the firm learns 
the productivity of the country with cer- 
tainty. The life of the investment is assumed 
to be two periods. 

The firm and country share a common 
discount factor of D. We presume that the 
country is a tax revenue maximizer. If the 
firm does not enter a country, the country 
earns tax revenues of zero, and the firm > 
establishes the plant in its home country. We 
assume that the profits (net of fixed costs) of 
the latter alternative are not subject to un- 
certainty and are common knowledge. The 
value of this outside alternative is given by 
V. We then have V=(1—1t,)R,+ DQ- 
ta)Ra— Ka, where tz, Ra, and K, are the 
domestic tax rates (assumed to be constant 
across periods), quasi rents, and entry costs. 
After the first period has passed, the firm 
retains the option of abandoning its venture 
in the foreign country and returning to the 
home country to produce. This yields a 
known period-2 profit (net of_ fixed costs) 
with period-2 present value of V, where V = 
(l —ta)Ra— Ka. The difference between V 
and V is then that the former gives the 
period-1 present value of entering the do- 
mestic market for two periods; the latter the 
period-2 present value of entering for period 
2 only. We assume that V>0, so that the 
firm will leave the foreign country after one 
period if the returns are sufficiently low. 
Figure 1 illustrates the extensive form of this 
game. " 

Since the firm has an outside option of V 
in period 2, the firm will remain in the 
country only if (—1¢,,)R,;2V, (=H, L), 
where country type is known in period 2.* 


2We assume throughout this analysis that the firm is 
maximizing profits in the location where they are earned, 
and thus cares only about the tax rates imposed where 
the firm is located. We therefore abstract from issues 
introduced by the possibility that the source country 
taxes foreign earnings when they are repatriated to the 
source country. For a discussion of the effects of the 
deferral provisions of U.S. tax law, see Thomas Horst 


(1977). 
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FIGURE 1 


We follow Doyle and van Wijnbergen in 
assuming that in period 2, the country ex- 
ploits the fixed investment made by the firm 
by raising the period-2 tax rate as high as 
possible without driving the firm out of the 
country. The period-2 tax rate will then make 
the firm indifferent between staying and 
leaving.’ This maximum period-2 tax rate is 
denoted /,,, where 


(1) #,=1-(V/R,), 


Notice fg, < tzu (since Rz < Ry) and fz; 
<1 (since V>0). We assume that 7,, > 0, 
so that there exists a period-2 tax rate which 
will induce the firm to remain in the low- 
productivity country. 

Given these second-period tax rates, the 
period-1 present value of the expected 
period-2 return for the firm does not depend 
upon the country’s productivity and is given 
by DV, since any surplus above V is ex- 
tracted by either type of country. The firm 
will locate in a foreign country if the ex- 


i=H,L. ` 


3Similar results could be obtained in a model in 
which countries are able to commit to period-2 tax 
rates, and thus do not drive firms to indifference in 
period 2. Our working paper (1985) investigates the 
conditions under which commitment will be optimal in 
a model of technology choice. 
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pected after-tax return from the investment 
at least equals the return from an investment 
in the home country, V. Any period-1 tax 
rate chosen by a country must then satisfy 
the constraint i 


(2) (1-4,)R,;+DV-K2V, 
i=H,L,P, 


where i denotes the firm’s belief about coun- 
try type before entry. Equation (2) can be 
solved for the maximum period-1 tax rate, 
i- This rate makes the firm indifferent be- 
tween entering a foreign country of type i 
and staying home: 


(3) i= (1-(K+7-DŶ)/R,), 
i=H,L,P. 


If the firm knows it is entering an H coun- 
try, the highest tax rate the firm will be 
willing to pay is ży. If the firm cannot 
discern the type of country it is entering, the 
highest tax rate the firm is willing to pay will 
be p< hp 

The tax revenue collected by country i 
from the tax policy is 4;= (t; + Dt,,;)R; 
(i= H, L). We assume that host countries 
are revenue maximizers. In order for the 
country to be willing to offer a tax package, 
the present value of the tax revenue must be 
nonnegative. The lowest period-1 tax rate a 
country of type i is willing to offer is the one 
that makes tax revenue equal to zero, or 
(4) 4,=—-Dit,,= D((V/R;) H 1) 


i=H,L, 


where the second equality follows from (1). 
The H country is willing to offer a larger 
subsidy than the L country (Âz > Ê p) be- 
cause an H country both charges a higher 
period-2 tax rate and collects higher period-2 
revenue. Therefore, the H country can iden- 
tify itself by offering a tax rate less than Âz. 
The firm knows that an L country could not 
offer such a large period-1 subsidy, because 
the second period return is too low to allow 
the L country to recover the subsidy. 
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H. Separating and Pooling Equilibria 


If the H and L countries find it optimal to 
choose different tax rates, then the firm can 
infer the country’s type from the tax rate it 
offers. An equilibrium in which this occurs is 
referred to as a separating equilibrium, since 
the two country types can be distinguished 
by their actions. If the H and L countries 
find it optimal to choose identical tax rates, 
then the observed tax rate reveals no infor- 
mation about the country’s type. An equi- 
librium in which this occurs is referred to as 
a pooling equilibrium. 

We have derived expressions for the maxi- 
mum tax rates that the firm is willing to pay 
in a separating equilibrium (ży) and a pool- 
ing equilibrium (f,p), and the minimum tax 
rate than an L country is willing to offer 
(Êz). In this section we examine the three 
types of equilibria that can result, depending 
on the relationships between these rates. The 
three cases are illustrated in Table 1. 

If 44;,<#,,, then the maximum period-1 
tax rate that the firm is willing to pay in an 
H country is less than the minimum tax rate 
the L country will offer. The H country will 
then want to separate itself by offering the 
tax rate ¢,,, to the firm. Since this is the 
maximum tax rate the firm is willing to pay, 
the firm is driven to indifference between 
entering the H country and staying home, 
and the L country stays out. This is denoted 
as case A in Table 1.4 

If p> Âz then the H country cannot 
charge the tax rate the drives the firm’s 
profits from entering to V, because the L 
country would be willing to duplicate such 
an offer. If the L country makes such an 
offer, the firm cannot discern the country’s 


“We assume that if the firm is indifferent between 
entering and staying at home, the firm chooses to enter 
the foreign country. Similarly, if the Z country is in- 
different between making an offer and not making an 
offer to the firm, it chooses not to make an offer. These 
outcomes could be ensured by perturbing the tax rates 
by small e in the proper direction in order to break the 
indifference. The equilibrium tax rates can then be 
thought of as the limit of the perturbed tax rates as € 
approaches zero. 
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type. The maximum tax rate the firm is 
willing to accept then drops to f,p. We will 
have two subcases to consider. 

First, if Âz > ñp, then the L country is 
not willing to offer a tax rate low enough to 
induce the firm to enter. The H country can 
then offer a tax rate which identifies itself, 
but only if this tax rate is not set so high as 
to induce the L country to duplicate the 
offer. The firm is accordingly not driven to 
indifference by the H country in this case, 
because a tax rate above f,, cannot be 
offered. Therefore, the firm benefits from the 
uncertainty about country type, because the 
country must give up some tax revenue (rela- 
tive to the perfect information case) to keep 
an L country out of the bargaining. This is 
case B in Table 1. 

Secondly, case C in Table 1 occurs if 
fin <t,p. The L country now will offer tax 
rates low enough to induce entry. The L 
country and H country will then each offer 
the tax rate 7,» and the firm will be indiffer- 
ent between entering and staying home. In 
this case the L country benefits from being 
confused with the H country. The L country 
gets more tax revenue (and the H country 
less revenue) than with perfect information 
about country types. l 

We now examine how the parameter val- 
ues of the model will affect the likelihood of 
these three outcomes. A separating equi- 
librium with firms driven to indifference 
(case A) will occur if Âz > fy. From (3) and 
(4) and using the fact that Ñ(1 + D)+ DK; = 
V, we have 


(5) Àr> hy 


DV K+V+DK, 
s — + ———_—_——- > (1+ D). 

R, Ry 
This condition is more likely to be satisfied 
as the home-country options of the firm are 
more attractive (high V) and as the potential 
host-country options less attractive (R; and 
R y are low; K is high). The appearance of 
K4 in the numerator of (5) indicates that the 
composition of costs (between fixed and 
variable) in the source country also plays a 
role in the ability to separate. High levels of 
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TABLE 1 


H L 
Country Country 


Case Strategy Strategy 


A. hL> hy’ hp ha = 
B. iy > hL” hp hL S 
C. ha> hp> ar hp hp 


fixed costs (K4) cause the firm’s home-coun- 
try option in period 2 to be low relative to 
the period-1 option (because a relatively high 
proportion of costs must be incurred in 
period 2). This makes it easier for an H 
country to separate itself through subsidies 
in period 1. 

If (5) is not satisfied, then the equilibrium 
will be either a separating equilibrium with 
firms earning profits from entry or a pool- 
ing equilibrium. The separating equilibrium 
(case B) will occur if /,, > ,p. From (3) and 
(4) we have 


(6) f1>tp 


DV K+V+DK, 
e —~ + ——— > (14+ D). 
R; Rp 

The same factors that make condition (5) 
likely to be satisfied (high values of V, K, 
and K,,; and low values of the R,) will make 
(6) likely to be satisfied and hence a case B 
separating equilibrium more likely to appear. 
In addition, the case B separating equi- 
librium is more likely the lower is the prob- 
ability of an H country (so that R p is small). 
The pooling equilibrium is thus likely to 
appear when V, K, are small, the R, are 
large, and p is large." 


ŠA fourth case is also possible, in which Ajy < ĝ y 
and no foreign country can make an offer that a firm 


Separating. 


Separating. 


Pooling. 


Equilibrium Outcome 

Firm enters H. 

Firm does not 
enter L. 


Firm’s profits in H 
country equal profits 
in source country. 
Firm enters H. 
Firm does not 
enter L. 


Firm’s profits in H 
country exceed profits 
in source country. 
Firm enters. 
Firm’s expected 

profits abroad equal 

profits in source 

country. 


Ill. Tax Holidays 


We now examine the conditions under - 
which the outcome of the tax negotiations 
will be a tax holiday for the firm. We con- 
sider two types of tax holidays. The first 
(weak) definition simply requires that the tax 
rate rise over time (f, > t,), while the second 
(strict) requires the first period to involve a 
subsidy to the firm. 

We first consider the case of perfect infor- 
mation about country type in order to pro- 
vide a benchmark against which to compare 
the effects of uncertainty about country type. 
From (1) and (2), 


(7) toy — hy = (DK,+ K)/Ry. 


Condition (7) reveals a result attained by 
Doyle and van Wijnbergen. If fixed costs 
exist, the tax rate rises over time. This occurs 
because once the firm is in the country, the 
country exploits the fact that the firm has 
already incurred fixed costs. If fixed costs 
are equal to zero, (7) yields a tax rate that is 
constant over time, so that fixed costs are 
necessary for the appearance of a tax holi- 
day with complete information. With respect 








will accept. This case will occur if Ry is so low that the . 
after-tax return in the home country exceeds the no-tax 
return in the host country. 
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to the strict definition of a tax holiday, (1) 
and (7) indicate that a subsidy will be ob- 
tained in the first period in the perfect infor- 
mation case only if Ry -V— DK,—K <0. 
Again, it is the presence of high fixed costs 
associated with the foreign investment that 
leads to the possibility of ‘Z,,, <0. Notice, 
however, that this stricter form of tax holi- 
day is not ensured by the presence of fixed 
costs in the perfect information case. 

In the presence of uncertainty, signifi- 
cantly different results appear. First, any 
separating equilibrium yields a strict tax 
holiday. As indicated by (5) and (6), the 
conditions that lead to a separating equi- 
librium depend on both the level of the fixed 
costs in the source country and the at- 
tractiveness of the host country relative to 
the source country. Therefore, it is possible 
to obtain a strict tax holiday even if fixed 
costs are zero, or K = K,=0. This will oc- 
cur if the home country is sufficiently attrac- 
tive relative to an H host country. This 
outcome is not possible in the case of perfect 
information, where fixed costs are necessary 
to obtain a weak tax holiday and relatively 
large fixed costs are required for a strict tax 
holiday. 

In the case of a pooling equilibrium, the 
period-2 tax rate the firm pays will depend 
on whether the country turns out to be H 
or L. A comparison can be made between 
the first-period tax rate and the expected 
period-2 tax rate with pooling, E(t,) = pty, 
+(1— p)t,,. From (1) and (3), 


_ K+DK, 
(8) E(t,)-hp= “R 
P 





The first term on the right side of (8) is 
identical to that obtained in the perfect in- 
formation case. Since (1/R) is convex in R, 
Jensen’s inequality ensures that the second 
term in (8) must be negative. Therefore, a 
tax rate that rises over time (in the sense of 
` expécted tax rates) is less likely to occur in 
the presence of uncertainty about country 
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type (given a pooling equilibrium) than in 
the perfect information case. 

This analysis has assumed that the coun- 
try will extract all the surplus from the firm 
in period 2. In addition, the firm receives no 
overall surplus in the case A separating equi- 
librium and the case C pooling equilibrium, 
since in both cases the firm is indifferent 
between entering and staying home. If several 
countries are introduced into the analysis, 
the countries may compete for the firm by 
offering lower tax rates. In this case, some 
form of a bargaining model in which firms 
and countries split the surplus from the for- 
eign investment would be necessary. 


IV. Conclusions 


We have shown that tax holidays may be 
the outcome of a bargaining process between 
a firm and a country in which the country 
has better information about its productivity 
than the firm does. A_high-productivity 
country may offer a tax holiday in order to. 
identify itself. Low-productivity countries are 
unable to duplicate the tax holiday, because 
the future tax rate required to recoup the 
cost of the first-period subsidy would drive 
the firm out of the country when the produc- 
tivity is learned. Unlike the complete in- 
formation model of tax holidays, this result 
does not depend on the existence of fixed 
costs in order to generate a tax rate that rises 
over time. A tax holiday may occur in cases 
where fixed costs are zero if country type is 
unknown. Similarly, tax holidays in the in- 
complete information model may entail 
period-1 subsidies. This outcome may occur 
even without the high fixed costs required to 
generate a similar outcome in the complete 
information case. 
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| On the Profitability of Interruptible Supply 


By GLENN Loury AND Tracy R. Lewis* 


Recently much attention has been given to 
studying the optimal response of consumers 
who are threatened by intermittent interrup- 
tions in the supply of some valuable service 
or material. The literature on strategic 
stockpiling, for example, addresses the issue 
of how consuming countries can protect 
themselves against intentional or accidental 
interruptions in the supply of key mineral 
and petroleum products. Typically these 
analyses simply take as given the assumption 
that producers of a given product may at 
some time in the future stop supplies flowing 
to consumers. In this regard, it is important 
to know what incentives exist for a supplier 
to shut down and stop serving a market, 
assuming, of course, that the supplier can 
correctly anticipate the reaction of ‘con- 
sumers to the threat of a supply embargo. 

This paper examines the profitability of 
deliberate supply interruptions by a monop- 
oly producer. The case for interrupting 
supply to increase profits relies on con- 
sumers storing the product in anticipation of 
eventual disruption of trade. Consumers may 
be induced to buy more of the product in 
early time periods, in order.to maintain in- 
ventories as a hedge against future supply 
disruptions. 

This increase in revenues resulting from 
inventory buildups must be traded off against 
the sales revenues lost during the. time that 
supplies to consumers are cut off in order to 
determine the profitability of deliberate trade 
disruption. In what follows this tradeoff is 
investigated in the context of Loury’s (1983) 
model of a stochastic on and off market. 
The model is described in Section I.) In Sec- 


*JFK School of Government, Harvard University, 
Cambridge, MA 02138, and Department of Eco- 
nomics, University of California, Berkeley, CA 94720, 
respectively. We thank Robin Cantor, Randy Curlee, 
George Sweeney, and Dave Trumble for valuable com- 
ments’on an earlier draft. 

i To ensure that this note is self-contained, we dupli- 
cate some of the analysis and results reported in Loury 
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tion II the profit function is derived for a 
monopolist who charges a constant price 
during periods when the market is on, and 
ceases all supply during periods when the 
market i is off. We demonstrate that the result 
of random supply disruptions is, in effect, 
the same as if the monopolist was charging 
higher than normal prices during periods in 
which the market is not operating. From this . 
analysis we are able to establish the follow- 
ing: 

1) If the monopolist is unconstrained in 
the choice of the price he charges, then inter- 
rupting supply is never profitable. 

2) When there are exogenous random 
supply disruptions, then under general con- 
ditions the monopolist will charge a price 
which is strictly lower than the single-period, 
profit-maximizing price during periods in 
which the market is operating. 

3) A monopolist who is price con- 
strained (say by regulation, or perhaps by 
the tariff policies of its trading partners) may 
find supply disruptions to be profitable. 


I. The Model 


The model we employ is that of Loury 
(1983). Assume that the market is described 
at any time as being in one of two possible 
states. When the market is “on,” a commod- 
ity is supplied at some constant price p by 
the monopoly producer in each time period. 
For simplicity, zero production costs are as- 
sumed. Purchasers of the commodity may, 
either consume it or store it at zero cost. 
When the market is “off,” all supply of the 
commodity ceases, and the good is con- 
sumed by drawing down inventories which 
have previously been built up during periods 
when the market was operating. 


(1983) and C. Bergström, Loury, and M. Persson (1985). 
However, the reader is referred to these articles: for a 
more complete description of the model. 
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It is assumed that the market switches 
between being on and being off according to 
a stationary Markov process. This means 
that the elapsed time, 7,, that the market is 
in state į (on or off) is exponentially distrib- 
uted. In what follows we denote by h, the 
constant instantaneous rate of probability 
that the market switches from being on to 
being off, and by họ the instantaneous rate 
of probability that the market switches from 
off to on.? These switching probabilities, A, 
and ho, reflect the reliability of service 
offered by the monopolist. In what follows, 
we assume that reliability is determined by 
factors (such as machine breakdowns, and 
interruptions in shipments of factors of pro- 
duction) that cannot be controlled by the 
monopolist.’ In Section II, we have some- 
thing to say about the incentives existing for 
suppliers to insure the reliability of their 
service to the market. 

When the market is on, we denote by z, 
the rate at which consumers purchase the 
commodity. The rate of consumption of the 
good is denoted by q,, and the rate at which 
the current stock of inventories, denoted by 
S,, changes is given by 


(1) S,=2,- %- 


When the market is off, z, is necessarily 
equal to zero. 

It is assumed that the flow of instanteous 
utility to consumers denoted by U(q, z) is 
given by 


(2) U(q,z) =u(q)— pz, 


where u(_) is increasing and strictly concave. 
Denote by g(p)=u’~'(p) the consumers’ 
demand schedule for the product. 


*Specifically, the probability that the market will 
remain in the on state until time T}, given that it is on 
at time zero, is h) e~"", and the probability that the 
market will remain off until time 7, given that it starts 
that way is hy eW "oT 

3An alternative interpretation of this model is that it 
is delays in delivery which cause the flow of supply to 
be interrupted periodically. 
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With these assumptions, Loury (1983) de- 
rives the following simple rules for optimal 
consumption and inventory accumulation for 
consumers subject to periodic disruption in 
trade. When the market is on, consumers 
choose a level of q equal to g(p) so as to 
equate the marginal utility of consumption 
to the market price, p. In addition, at the 
moment the market begins operating, con- 
sumers instantaneously purchase inventories 
equal to S* which they maintain throughout 
the period that the market is on. 

When the market is off, consumers draw 
down their beginning of the period inven- 
tory, S*, by choosing a time path for con- 
sumption so as to 


oO 
3) maximize | e~("*+*o) —cq,| dt 
(3) maximize | [u(g,)— ca] 


subject to 


Í gq, dt < S*; c= (ho/(r+ho))p, 


where r is the rate of time discount. Accord- 
ing to (3), when the market is off, consumers 
behave as though they have S* units of a 
Hotelling-like exhaustible resource which 
they can extract at a constant unit cost c, 
and where the effective rate of time discount 
is given by r + ho. The value for c represents 
the expected present value marginal cost of 
replenishing inventories once the embargo 
ends and the market resumes operation. 


Il. The Profitability of Supply Disruptions 


The expected discounted profits earned by 
the monopolist depend on whether the 
market is currently on or off, and the -exist- 
ing inventories held by consumers. In what 
follows we employ the following notation: 
a, = expected present value of profits given 
that the market is currently on and S= S*, 
where S is consumer inventory holdings; 
m= expected present value of profits given 
that the market is currently off, and S= S*; 
a* = expected present value of profits given 
that the market is operating and S=0; and 
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q(t) = rate of consumption ¢ units of time 
into an embargo. 

We are interested in calculating 7* as we 
assume that initially the market is on, and 
consumers hold zero inventories. From the 
definitions given above it follows that 


(4) a*=pS*+7, 
(5) n= f heh! 
x{ f'e e~™pq( p) dx +e—"'n o} at 
oO 
(6) m= f hye"! 
x{ enn, + pe~ ”{'4(x) dx} dt. 
0 


Performing the indicated integration in (5) 
and (6) and simplifying one obtains 








(6’) To= ho/(r + ho) 
x[n + pf ao) ert ae|, 
0 


One can solve for m, by substituting (6’) 
into (5’) to obtain 


r+hy palp) 


(7) 1 thy +h, r 





+ ene ae [Phyo FO) dt. 


To calculate 7* in (4) we need to derive 
an expression for pS*. Notice that 


(8) ps*= p| 4(t) at. 
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We can rewrite (8) as 
(9) pS*=h,/(r+ h+ h) 
œf r(r + ha + h) | pâ(t) 
x ee | me 
Í | ; —— alt 
“rE Th a e eh) 


|e AO) 


h, r+ho| r 
which may be written as 
(10) pS*=h,/(r+hy thy) 


co 
x f (r+ hg) e7 Otho 
0 


| orrn PACE) dt 
r 





r+h, ho 
x Ce ea 
hı r+ho 


If we substitute (10) and (7) into (4) we 
obtain an expression for 7*: 





r+h h 
(1) #*= o Pa(p) 1 
rt+hot+h, r rt+hoth, 
t)a(t 
x "(r+ ho) on (rthay POGUE) dat ) a, 
0 r 
where 
(11’) 





rth, ho 
+ (r+ho) —— — —— |, 
pe | hy | 


This expression for p(t) turns out to satisfy 
p(t) =u'(4(2)), that is, p(t) is the implicit 
demand price along the optimal consump- 
tion path during an embargo. To verify this, 
first note that the solution to the consumers’ 
maximization problem posed in (3) requires 
that 


(12a) 
(12b) 


u’(g(t))—c=A(t), 
A(t) =(r-+hy)A(t). 
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Combining (12a) and (12b) and substituting 
for c= phy) /(r + ho) we obtain 


(13) u’(G(t)) — ( pho/(r + ho)) 





= eC tho) KO 
or 


(14) w(â(t))=p(ho/(r + ho)) 





servo "(4(0) al 
Finally, notice that optimal inventory 
accumulation requires that 


(15)  p=w(â(0))h/(hı +7). 


To see this, suppose no embargo has yet 
begun, and one considers adding an ad- 
ditional .unit to the (presumed optimal) 
stockpile now on hand. That unit could be 
consumed immediately upon the initiation of 
an embargo, generating at that time ad- 
ditional utility at the rate u’(4(0)). Since the 
initial stock was presumed optimal, one 
would not have to replace this hypothetical 
additional unit during the next cycle of free 
trade. The expected present value of ad- 
ditional utility due to adding this unit, at the 
time it is added equals u’(g(0))h,/(r + hy). 
Unless this term is equal to the price of an 
additional unit of the resource, the size of 
the stockpile could not have been optimal, as 
supposed.* 

Substituting (15) into (14) and combining 
this with ar) yields 


(16) p(t) = w'(9(0)) = pho/(r + he) 


4 eltthoyt P(r+hy) > Pho 


hı -r +h 





which proves our earlier assertion that p(t) 


4The implications of this are explored further in 
Bergström et al. 
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is the implicit demand price along the opti- 
mal consumption path during an embargo. 
Notice that .since.-u’(q(p)) = p, it follows 
that 9(t) = q(p(t)), so we may rewrite the 
expression for 7* in (11) as 


r+ho \pq(p) 
* $a kape 
(17) 2 i] r 
h, 
+{ te f thoje 





m p(t)alp(t)) m 


r 


The first term on the right-hand side of 
(17) represents the expected discounted value 
of revenues earned while the market is oper- 
ating. The second term measures the ex- 
pected present value of revenues earned due 
to consumers’ purchase of inventories to 
draw upon while the market is not operating. , 
Notice that the second term is a weighted 
sum of the “implicit” market revenues, 
P(t)q(p(t)), generated during the embargo 
period. 

Several conclusions follow immediately 
from inspecting (17). First, let p be the price 
(assuming it exists) which maximizes the flow 
of revenues pq( p). Then we have 








(18) #*= r+ho pa(p) 
rt+thoth, r 
+ (r+ho te erg 
rt+hoth, 
t t 
gra). 
r 
è r+ho pa(P) h, 
~ r+hoth r rthoth, 


Loy OP) i 
r 


x f (r+ho)e 


= pq(P)/r. 


VOL. 76 NO. 4 


Equation (18) holds with strict inequality 
provided q(p) is not unitary elastic ev- 
erywhere; or equivalently that u(q)#a+ 
blogg. Thus according to (18), supply dis- 
ruptions are generally unprofitable for a mo- 
nopoly supplier who is unconstrained in his 
choice of price during periods in which the 
market is operating.” 

Second, if we assume that total revenue, 
pq (Pp) is strictly concave in price, then we 
can show that the price which maximizes 7 * 
is. strictly less than p, the price which a 
conventional monopolist would charge in the 
absence of supply interruptions. Let p° max- 
imize m*. A necessary condition for maximi- 
zation is that 


ho 


A ho) (r+ho)t 
—— | (rt+hy)e Ut 
ry ee ° 


+ MR(p(0)) GAUE 
r dp 


? 


where MR(p) is marginal revenue expressed 
as a function of price and 


dp(t)/dp =hg/(r + ho) 


pario EE ye) oie 
hi r+ho 


from equation (16). Equation (16) also im- 
plies that p(t) > p for all t. Given our as- 
sumption that total revenue is strictly con- 
cave, it follows that 


MR(p)<MR(p)=0 forp>pP. 


5S. R. Aiyagari and R. G. Riezman (1985) also 
demonstrate the unprofitability of supply disruptions in 
a two-period example of a linear quadratic model. Our 
result corrects an error in Loury (1983), whose equation 
(14) and subsequent discussion is incorrect. 
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This implies that p° < p in order to satisfy 
(19). Otherwise with p° > p we would have 
MR(p°) <0 and MR( p(t)) <0 (since p(t) 
> p° > P) thus implying a violation of (19). 
Hence market prices will be set below 
the instantaneous revenue-maximizing price 
whenever the market is subject to supply 
disruptions. The lower price encourages con- 
sumers to increase their purchase of inven- 
tory stocks by an amount sufficient to offset 
its negative effect on revenue flow when the 
market is on. 

Finally, and perhaps most important, is 
the observation already noted above, that 
p(t) > p, according to equation (16). Recall- 
ing the expression for 7* in equation (17), 
this means that the presence of recurrent 
supply interruptions has the same effect as if 
the monopolist were to charge consumers 
higher prices than p during periods when 
the market is off. This is important for a 
producer who is constrained to choose prices 
in the inelastic region of the demand curve 
because of regulations, or perhaps because 
of tariff policies which effectively limit the 
price which may be charged. If the ceiling 
price constraining the monopolist is suffi- 
ciently low, it seems clear from equation (17) 
that profits may increase as a result of supply 
disruptions. For example, consider the spe- 
cial case where demand is inelastic and of 
constant elasticity 7 <1, and where the mo- 
nopolist is constrained to charge a price 
p < p*, where p* maximizes II* as in equa- 
tion (19). In the absence of supply disrup- 
tions, the monopolist would always charge 
the ceiling price p= p*, since profits are 
strictly increasing in p. This would yield 
present-value discounted profits equal to 
p*q( p*)/r. With supply disruption, the mo- 
nopolist would also set p= p* (whenever 
the market operates) given the definition p*. 
However, in this instance, (16) and (17) 
would imply that 7* > p*g( p*)/r, since the 
“effective” price during periods when the 
market is not operating would strictly exceed 
p* and profits are strictly increasing in price. 
We note that the possibility that supply dis- 
ruptions may result in increased profits for a 
regulated monopolist is easily illustrated by 
numerical examples for more general specifi- 
cations of demand. 
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Ill. Conclusion 


The import of our analysis is to suggest a 
rationale for certain observed cases where 
the supply of some good or service is 
sometimes temporarily interrupted. One im- 
plication of our results is that disruptions in 
supply may be profitable for a monopolist in 
cases where consumers can store inventories 
at low cost in anticipation of supply short- 
ages, and the monopolist is constrained to 
operate over the inelastic portion of the de- 
mand schedule when the market is operat- 
ing. In environments where these conditions 
do not hold, we would expect monopoly 
producers to undertake whatever measures 
are available to insure against interruptions 
in supplies to the market. We have employed 
a rather special model to derive our results 
in which we assume the market vacillates 
randomly between being on or off. 

While we have not worked out the details, 
it seems clear to us that our results about 
interruptable markets would also apply in 
situations where a monopolist can control 
and vary his supply to the market over time. 
For example, imagine that a monopolist is 
able to commit itself to a time path of prices 
that it will charge consumers now and in the 
future. In this case, it seems obvious that if 
the monopolist is. unconstrained in his choice 
of prices, he will agree to supply the market 
at the single-period, profit-maximizing price 
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forever. However, a price-constrained mo- 
nopolist may find it profitable to reduce (or 
totally eliminate) supplies to the market in 
future time periods as a device whereby he 
can effectively raise the price that he charges 
the market during times when supplies are 
rationed or completely cut off. This of course 
requires that the monopolist can credibly 
commit to reducing future supplies in some 
verifiable way. An interesting issue which we 
do not explore is, given that the monopolist 
determines to employ strategies of periodic 
interruption of sales, what combination of 
frequency and duration of interruptions is 
profit maximizing? (That is, which choice of 
hy and h, maximize IT*?) 
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Final Voting in Legislatures 


By W. Mark CRAIN, DONALD R. LEAVENS, AND ROBERT D. TOLLISON* 


In representative democracies, such as the 
United States, legislatures provide the trans- 
mission mechanism through which pressure 
from private interests becomes public policy. 
Considerable attention has been given in the 
literature to explanations of the relevant 
forces that appear to be driving the legisla- 
tive process. For example, much research has 
focused on the relative impact of economic 
vs. ideological influences on congressional 
voting behavior. In this approach, the way 
that legislators vote on proposed legislation 
is modeled as a function of the preferences 
of various economic and ideological interests 
groups, including the legislator’s own prefer- 
ences for wealth and ideology (James Kau 
and Paul Rubin, 1979; Joseph Kalt and Mark 
Zupan, 1984; Sam Peltzman, 1985). 

Missing from this approach is the idea 
that when legislatures are the transmission 
mechanism, they are costly and imperfect 
organizations for generating political in- 
fluence (Gary Becker, 1983). As such, rules 
and institutions will emerge that are related 
to problems of internal control within the 
organization of a legislature. In this paper, 
we focus on the role of floor voting from 
the standpoint of legislator organization and 
control. We seek to expand the interpreta- 
tion of the meaning of floor voting activity 
by examining the timing, sequence, and out- 
comes of such votes. Specifically, we look at 
final floor voting in the U.S. Congress. The 
patterns described in the analysis below sug- 
gest that a broader analytical perspective on 
the economic function of floor voting is re- 
quired. The findings also suggest that to 
identify more precisely the forces that are 
driving legislator voting behavior, it is im- 
portant to recognize the role of legislative 
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transactional costs and institutional con- 
straints. 

In Section I, the conceptual framework for 
the empirical results is discussed in more 
detail. The purpose is not to develop a full- 
blown theory of legislative organization, 
rather, it is to focus the reader’s attention 
on several hypotheses about the function of 
final floor voting as a device for controlling 
legislator behavior within the legislature. 
Empirical results, including an explanation 
of the timing and sequence of final votes 
on bills, are reported in Section H. The data 
for these tests are drawn from legislative 
activities in the U.S. House of Represent- 
atives during the 96th and 98th Congresses. 
Some concluding remarks are offered in 
Section II. 


I. Voting and Legislative Organization: 
Some Economic Principles 


Our purpose in this section is simply to 
prepare the groundwork for the empirical 
analysis presented in the following section. 
This discussion is in no sense a formal model 
of legislative behavior. It is rather an appli- 
cation of some principles of economic 
organization to derive some empirical in- 
ferences about legislative voting patterns. We 
suggest several explanations for the role of 
floor voting, other than the usual view that 
voting represents the final tallying of legisla- 
tor preferences on public policy. 

We begin the discussion with the concept 
that the nature of collective decision making, 
per se, makes the familiar principles of team 
production applicable to legislative behavior 
(Armen Alchian and Harold Demsetz, 1972). 
By virtue of the requirement of a majority 
vote to pass legislation, the actions of in- 
dividual legislators are linked, and the usu- 
al implications of team production follow 
(Crain and Tollison, 1980, 1982; Arleen 
Leibowitz and Tollison, 1980). In other 
words, shirking by individual legislators will 
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be a problem, and the monitoring and 
management of legislator behavior will be an 
important aspect of the legislature and its 


organization. We can illustrate the team pro- 


duction argument with respect to how bills 
are selected for final approval by the legisla- 
ture. 

Final voting on legislation could take place 
at any time during the legislative session, 
from the first day on. But the principles of 
team production imply that final voting will 
occur primarily at the end of the session. 
This follows because of the potential for 
legislator shirking. Deals are negotiated dur- 
ing the legislative session among legislators, 
the leadership, and interest groups. Once it 
is clear that these “markets” have cleared, 
the leadership must arrange final votes to 
consummate each deal. Deals could be voted 
upon as soon as it was clear what was wanted, 
but in a team production setting this leads to 
the potential for reneging. A simple way to 
think about the problem of reneging is that 
once a legislator gets his bill passed, he goes 
home without sticking around to carry out 
the quid pro quos that led to the passage of 
his bill. Alternative ways to renege are sim- 
ply to change one’s vote on subsequent bills, 
or not to work as hard for the passage of 
other bills. Hence, the first testable implica- 
tion is that most final votes will be taken at 
the end of the legislative session in marathon, 
widely publicized meetings, where the op- 
portunities for reneging are low. 

The legislature will be a more effective 
organization the more closely rewards are 
tailored to individual legislator productivity. 
The latter can take a variety of forms, but 
for the purpose of analyzing final votes, in- 
dividual legislator productivity is defined as 
the propensity of a legislator to keep his 
political bargains. Those legislators who can 
be counted on to keep their bargains receive 
differentially higher rewards from the leader- 
ship. Solutions to the problem of differential 
rewards for differential productivity can be 
found in many areas of economic theory. 
For example, an hypothesis from the screen- 
ing literature is that legislators, like em- 
ployees in certain types of job settings, are 
screened for quality by the employers within 
the organization. In the legislative context, 
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information about the qualities of party 
loyalty and trustworthiness is important to 
the party leaders. Institutions like the com- 
mittee system and seniority rules are exam- 
ples of loyalty filters in legislative organiza- 
tions (George Akerlof, 1983). The party 
leadership can influence voting by using votes 
as a criterion for making superior committee 
assignments.! There are two implications that 
follow from applying the filtering frame- 
work: (a) in the scheduling of final votes, 
bills sponsored by more trustworthy legisla- 
tors will stand higher in the floor voting 
queue, and (b) these same legislators will 
have a higher probability of obtaining the 
passage of their bills in committee and floor 
voting. 

We proxy trustworthiness by measures of 
legislator seniority and influence. The mem- 
bers of the legislature who exhibit more 
loyalty to the leadership have their bills 
passed first because the leadership knows 
from experience that they can be relied upon 
to carry through on the bargains they made 
with other legislators. In other words, earlier 
and more certain passage of bills is a pre- 
mium paid to those legislators who have 
passed through a party loyalty filter. Their 
differential reward is a higher expected pres- 
ent value for the laws they sponsor (they are 
more likely to be passed and to be passed 
sooner in final voting), with the accompany- 
ing implication of better reelection prospects 
and so forth.” 

There are other competing explanations 
for why the pattern of voting on bills will be 
influenced by political considerations that 
stem from the internal organization of the 
legislature. A theme in political science liter- 
ature is that more politically powerful legis- 
lators get their bills passed sooner and more 


See Charles Bullock (1985) and the references therein 
for a summary of the political science literature on this 
thesis. These studies examine congressional committee 
assignments as a function of past voting behavior. 

?A more complete theory of bill passage would in- 
clude a framework to explain the date of introduction 
as well as passage. We make a preliminary effort to 
come to grips with this problem empirically in the next 
section by using the loyalty /legislative capital model to 
explain a bill’s success at the stage of committee voting. 
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easily. The basis of their power may not be 
seniority but, for example, a charismatic per- 
sonality, or the fact that they represent an 
influential constituency. The fact, however, 
that power and seniority have a natural affin- 
ity means that a political power theory car- 
ries many of the same implications as the 
above discussion for final voting on bills.’ 
The intricacies and sources of power are 
driven in this type of framework by the 
concept of accumulating political capital. 
Since expertness and legislative capital are 
built over time, legislative competence will 
also naturally be related to seniority. More 
senior legislators have been able to acquire 
larger stocks of legislative capital, and hence 
we would expect them to get their bills passed 
sooner. Thus, a legislative capital framework 
also leads to an implication that floor voting 
activity depends on elements related to 
legislative organization.’ - 

There is one final approach that we can 
suggest. It is the idea that voting on the most 
important bills will occur at the end of the 
legislative term, so that legislators can 
squeeze the highest return from these trans- 
actions. In this view, the passage of legis- 
lation is analogous to the holdout problem 
—the longer you wait, the more rents you 
can squeeze. This bargaining approach also 
predicts that final votes will be at the end of 
the session. There is, however, a way to 
distinguish this hypothesis from the team 
production and loyalty filtering hypotheses. 
The bargaining power theory suggests that 
returns are greatest by waiting the longest, 
and if this is so, the bills of the most senior 
and powerful legislators should be voted on 


3See Richard Fenno (1973), Morris Fiorina (1974), 
and John Ferejohn (1974) for contributions to this 
literature. 

‘The legislative capital argument embodies a si- 
multaneity problem as do the other frameworks out- 
lined. That is, effective legislators introduce good bills, 
good bills pass, passage of one’s bills increases reelec- 
tion prospects, reelection means more seniority, and so 
on. Our approach in the empirical section is somewhat 
more limited in scope than this. For a given Congress, 
we seek to explain the order of final votes by legislator 
characteristics. We recognize, in general, however, that 
the simultaneity issue is not trivial. 
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last. The earlier arguments, in contrast, sug- 
gest that the control of individual legislator 
incentives is paramount to producing final 
bills, and that for this reason the bills of the 
most senior legislators are voted on first in 
the queue of final votes. 

There are undoubtedly other examples in 
this spirit. Our point is to stress the impor- 
tance of political institutions and their possi- 
ble effects on floor voting behavior. The key 
to understanding and interpreting the infor- 
mation embodied in voting outcomes re- 
quires more focus on these organizational 
problems. 


Ii. Empirical Analysis: Voting on 
U.S. House Bills 


A. The Timing and Sequence of Final Votes 


The empirical analysis of final floor voting 
is based on data on the U.S. House of Rep- 
resentatives. First, we examine the timing of 
final voting on the House floor. In this case 
the data are from U.S. Congressional Re- 
search Service (1981). 

The 96th Congress commenced on January 
15, 1979, and adjourned on December 16, 
1980. A total of 8,455 House bills were intro- 
duced in the 96th Congress. Of these, 6,232 
(74 percent) were introduced in the first ses- 
sion and 2,223 (26 percent) in the second 
session. Most bills were introduced early, 
and were around to be debated and voted on 
at an early stage. Yet most voting took place 
at the end of the available legislative work 
time. Of the 8,455 bills introduced, 560 (6.7 
percent) made it through the chamber and 
passed on the House floor. Of the 560 bills 
passed, 250 (45 percent) were passed in the 
first session and 310 (55 percent) in the 
second session. 

The 96th Congress worked a total of 322 
days, excluding holidays and other days not 
in session such as Fridays and weekends, so 
a bill that was passed on the first day would 
have had 322 legislative days remaining. As 
a crude conversion formula, a legislative 
work day was equivalent to about 2.3 
calendar days in this Congress. 

The median for all bills passed by the 
House in the 96th Congress was legislative 
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work day 207, with 116 legislative days re- 
maining. On either side of this day, 280 bills 
were passed. Thus, roughly one-half of the 
successful bills were passed in the final one- 
third of the working days. The mean number 
of days remaining for all bills passed is 129, 
with a standard deviation of 85 days. Al- 
though this mean is not significantly differ- 
ent from the end of the legislative term (zero 
days remaining), it is significantly different 
from the beginning of the term (322 days 
remaining). 

This overview of the raw data suggests 
that the timing of final votes is skewed to- 
wards the end of the legislative term. How- 
ever, there is considerable variation in the 
timing of final votes. Not all votes occur at 
the end, nor would this pattern be possible 
due to a time constraint. Some bills have to 
be voted on before others. 

The burden of our effort to apply some 
economic principles to legislative organiza- 
tion is to explain the order of the final votes 
that we observe. For this purpose we use the 
following model: 


(1) LEGISLATIVE DAYS REMAINING 
AFTER A BILL PASSES 
=f [SPONSOR CHARACTERISTICS, 
NUMBER OF COMMITTEES 
THAT CONSIDERED A BILL, 
LEGISLATIVE DAY BILL 
INTRODUCED]. 


The dependent variable, LEGISLATIVE 
DAYS REMAINING, measures how close 
to the end of a legislative term a bill passes. 
As LEGISLATIVE DAYS REMAINING 
declines, a bill is passed later in the Con- 
gress. 

The SPONSOR CHARACTERISTICS 
variable is central to our analysis. Several of 
the hypotheses discussed above suggest that 
bills sponsored by more senior and well- 
positioned legislators will be passed earlier 
in the term. In the filtering approach, earlier 
passage is expected because it is less likely 
that more trustworthy members will stop 
being productive after their deals are con- 
summated. In the team production ap- 
proach, earlier passage is a greater reward to 
more productive members because the pres- 
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ent value of a bill is higher the earlier it 
passes. By these same two arguments, bills 
sponsored by members whose seniority and 
committee positions are low will be passed 
later in order to make sure that the work 
gets done before rewards are handed out. In 
contrast, the holdout hypothesis predicts 
that bills sponsored by the more powerful 
members will be passed later. We proxy 
SPONSOR CHARACTERISTICS in several 
ways, including simple legislator tenure, 
party affiliation, subcommittee chairmanship, 
and an index of legislator seniority based on 
the importance of committee assignments 
and rank within those committee assign- 
ments.’ 

The NUMBER OF COMMITTEES vari- 
able controls for the problem of overlapping 
jurisdictions. A bill that must be considered 
in more than one committee will naturally 
reach the stage of final voting later. The 
DAY INTRODUCED variable functions as 
a time index for the analysis. Obviously, a 
bill must be introduced before it can be 
voted on, and bills that are introduced late 
in a session cannot be voted on until late. 

In Table 1, the model is estimated on 
the 560 bills passed by the House in the 
96th Congress.É We present results for five 
specifications of the model. Keep in mind 
that as a bill is passed closer to the end of 


>The seniority index for an individual legislator is 
computed as follows: 


{1-[( RANK, -1)/NOFMEMB,] } 


jai 


x [3-(2MINOR,/MAJOR,)], 


where RANK, =the sponsor’s rank on committee j, 
NOFMEMB, = the number of members on commit- 
tee j, MINOR, = the number of minority members on 
committee j, MAJOR, = the number of majority mem- 
bers on committee j, and m= number of committee 
assignments for the sponsor. See Crain and Tollison 
(1981) and Leavens (1984) for other applications of this 
approach to assessing the influence of legislator senior- 
ity. 

In our approach, a bill is a bill, when surely not all 
bills are created equally. Bill content is an important 
issue, but one that is beyond the scope of this paper to 
address. 
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TABLE 1— OLS REGRESSION RESULTS FOR LEGISLATIVE DAYS REMAINING AFTER A BILL PASSES: 


ALL BILLS PASSED 
Coefficients* 
Independent Variables Model A Model B Model C Model D Model E 
Constant 213 207 212 209 213 
(23) (22) (21) (20) (21) 
LEGISLATIVE DAY —.71 —.71 —.71 —~.71 —.71 
BILL INTRODUCED (28) (28) (27) (27) (27) 
NUMBER OF COMMITTEES —11.08 —10.84 —9.73 — 9.89 ~ 9.68 
THAT CONSIDERED BILL (1.80) (1.76) (1.56) (1.60) (1.56) 
SPONSOR’S TENURE 2.02 1.57 - - - 
(3.73) (2.72) 
SPONSOR A MEMBER OF —9.79 1. - — 3.40 - 
MAJORITY PARTY (1.19) (.22) (.38) 
SPONSOR A SUBCOMMITTEE - 3.10 - 16.37 - 
CHAIRMAN (2.24) (2.80) 
SPONSOR’S SENIORITY INDEX - 5 5.57 2.87 ~ 18 
(2.41) (1.17) (.04) 
Interaction of SPONSOR’S 
SENIORITY INDEX and : - - - - 6.02 
MAJORITY PARTY (1.72) 
Adjusted R Square T .58 .59 .58 .58 58 
Ran 198 161 255 158 : 193 
(4,555) (5,554) (3,556) (5,554) (4,555) 


Source: U.S. Congressional Research Service (1981). 
a The t-statistics are shown in parentheses. 


the session, the dependent variable gets 
smaller; a larger value means earlier passage. 
The DAY INTRODUCED variable appears 
in the expected direction and is strongly 
significant. The later a bill is introduced, the 
later it is passed. The coefficient values are 
calibrated in days. If a bill is introduced 10 
legislative days earlier, its date of passage 
will be moved ahead 7 days. The gain is not 
day-for-day.’? The NUMBER OF COMMIT- 
TEES variable appears in the predicted di- 
rection, and approaches a reasonable level of 
Statistical significance in all models. Each 
additional committee to which a bill is re- 
ferred delays final passage by about 10 days 
(roughly three weeks of calendar time). 

The variables employed to proxy sponsor 
loyalty and legislative capital appear in the 
expected direction. Simple legislator tenure 


7This variable is obviously a highly significant 
explainer of the date of bill passage. Yet the seniority 
variables, as reviewed below, also perform well and 
have pronounced marginal impacts on the timing of 
final passage. 


(SPONSOR’S TENURE), included in 
Models A and B, has a positive and highly 
significant sign. The bills sponsored by more 
senior legislators are passed sooner. The 
estimates indicate that for every year of past 
legislative service, a legislator’s bill is passed 
2 days sooner (see the coefficients in Models 
A and B in Table 1). Thus, a five-term 
congressman would have his bills passed 20 
working days sooner than a freshman legis- 
lator, on average. 

Party affiliation of the sponsor does not 
seem to matter at the stage of final floor 
voting. Indeed, Model A suggests that 
minority sponsors obtain earlier passage. 
This result is an artifact of the legislative 
process. Few minority bills make it beyond 
committee for a final vote, and those that do 
obviously have wide bipartisan support. In 
the 96th Congress, 47 bills sponsored by 
minority party House members were cleared 
by committees for a final vote. Out of these, 
46 passed on the House floor. 

The variable SUBCOMMITTEE CHAIR- 
MAN exerts a powerful influence over the 
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timing of passage. The estimates presented 
in Table 1 (Models B and D) suggest that 
subcommittee chairmen have their bills 
passed on average about 14 legislative days 
sooner than their colleagues. This finding is 
consistent with several arguments. Commit- 
tee chairmanships are typically awarded to 
members who have established the best rep- 
utations for party loyalty and who have ac- 
cumulated considerable legislative capital as 
well. 

Finally, the coefficients on the SPON- 
SOR’S SENIORITY INDEX (Models D 
and E) suggest that relative committee rank 
and committee assignments are important 
determinants of the earlier passage of legis- 
lation. In Model C, when this variable is 
included without the other proxies for 
SPONSOR CHARACTERISTICS, it is pos- 
itive and highly significant. The magnitude 
of the effect of the seniority index is more 
difficult to summarize since the coefficient 
can reflect the importance of different com- 
mittee assignments as well as different 
seniority rankings on a given committee.® 

In Model E we enter the SENIORITY 
INDEX for majority party members sep- 
arately from minority party members. In this 
case we find that there is a difference be- 
tween the two parties. For minority party 
members, there does not appear to be an 
ordering of final passage dates based on 
sponsor seniority. However, for majority 
party members, the SENIORITY INDEX 
retains its statistical significance, and the 
magnitude of the coefficient is slightly bigger 
than the estimated coefficient in Model C. 

Overall, the models in Table 1 are highly 
significant, and explain about three-fifths of 
the variation in the timing of passage of 
bills.’ It should be stressed before proceed- 


8For example, the tenth ranking member on the 
Energy and Commerce Committee could expect his bill 
to be passed about 3 working days sooner than the 
tenth ranking member of the Post Office and Civil 
Service Committee. Moreover, bills sponsored by the 
tenth ranking member on Energy and Commerce will be 
passed more than 4 days earlier than the lowest ranking 
member (twenty-seventh) on this committee. 

9 We replicated the results in Table 1 on a slightly 
different data base. We included in the five regressions 
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ing that the bargaining power, or holdout 
theory, does not fare well in these results; 
more legislator influence leads to earlier, not 
later, passage of a bill. 


B. Predicting Outcomes on Final Votes 


Not all bills that clear committees pass in 
final voting. In the 96th Congress, 597 House 
bills were reported from committee for con- 
sideration on the fioor. Only 13 of these bills 
(2 percent) failed to muster a majority vote. 
However, 89 bills (15 percent) were never 
brought to a floor vote by the leadership. 

These data provide a basis for another 
application of the economic hypotheses dis- 
cussed above. Since not all the bills that 
reach the floor pass or get voted on, the 
hypotheses should be useful for analyzing 


` the characteristics of the bills that are less 


likely to pass. For example, when a bill does 
not pass or is tabled, it can be thought of as 
resulting from a contractual breakdown of 
some sort in the legislative marketplace. The 
sponsor and other supporters of a bill may 
have engaged in reneging or other noncoop- 
erative behavior in carrying through on their 
commitments. The leadership needs to limit 
such behavior, and one way to discipline 
reneging is to refuse to call up a member’s 
bill for a final vote or not to support such 
bills when the floor vote is held. In other 
words, when shirking takes place, payoffs are 
withheld by not passing a member’s bill. Our 
approach should be able to predict which 
legislator’s bills will suffer this fate. 

Our experiment is the following. We took 
Model A from Table 1, and reestimated the 
coefficients using discriminant analysis.!° 


only bills that were reported from committees for floor 
action, Out of the 560 bills that passed, 65 were not 
reported from a committee. Using this set of 495 bills, 
the results are unchanged. In particular, SPONSOR’S 
TENURE continues to perform as expected, as do the 
SUBCOMMITTEE CHAIRMAN and the SENIOR- 
ITY INDEX variables. 

10We used Model A for this purpose because it was 
the simplest approach in Table 1. It, for example, has 
the most straightforward definition of legislator tenure. 
The classification results using Models B-E are highly 
similar to those obtained using Model A, and do not 
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TABLE 2— CLASSIFICATION RESULTS ON PREDICTED FLOOR OUTCOMES 
Actual Floor Outcome No. of Cases Predicted Floor Outcome* 
Class 1 Not Considered Rejected Passed 
Not Considered 89 48 20 21 
(54) (22) (24) 
Rejected 13 5 2 6 
G9) (15) (46) 
Passed 495 179 98 218 
(36) (20) (44) 
Percent of Predicted Outcomes Correctly Classified = 45 percent 
Class 2 Not Considered Considered 
Not Considered 89 54 35 
(61) (39) 
Considered 508 196 312 
(9) (61) 
Percent of Predicted Outcomes Correctly Classified = 61 percent 
Class 3 Not Passed Passed 
Not Passed 102 61 41 
(60) (40) 
Passed 495 187 308 
(38) (62) 


Percent of Predicted Outcomes Correctly Classified = 62 percent. 


Source: See Table 1. 
*Percentage correct of cases predicted is shown in parentheses. 
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Three ways of classifying the dependent 
variable were examined, and the results are 
summarized in Table 2. Class 1 divides out- 
comes in terms of whether bills were passed, 
rejected, or not considered; Class 2 divides 
outcomes in terms of whether bills were con- 
sidered or not considered; and Class 3 di- 
vides outcomes in terms of whether a bill 
passed or did not pass. This experiment al- 
lows us to evaluate the potential of the model 
to explain the outcomes of final floor 
voting.! 





change the results in Table 2 in any meaningful way. 
For example, comparing Models B-E to the results for 
Model A, the percent of predicted outcomes correctly 
classified is, respectively, 61, 61, 60, and 61 percent. 
Moreover, we obtain slightly better results in our ability 
to identify those bills that were not passed using Models 
C and E. Model C correctly identifies 63 of the 102 bills 
not passed, and Model E identifies 64 of these bills. 
Models B and D correctly identify 61 and 62 of the 102 
bills not passed. We would be happy to provide these 
results on request. 

The results of the discriminant analysis using Model 
A can be summarized as follows. The F-significance 
level for each of the three classifications was 1 percent, 


We adopt a classification strategy in Table 
2 that is naive and biased against the model. 
We assume that the prior probability that a 
bill will land in any of the selected categories 
is the same. This is obviously not so, and we 
know that we could achieve stronger results 
by using additional information to weight 
prior probabilities, for example, the propor- 
tion of bills that passed in recent Congresses. 
The naive approach reported in Table 2 is 
sufficient, however, to illustrate the potential 
of this analytical framework to classify cor- 
rectly the fate of bills in floor votes. 

In Class 1, where the categories are tripar- 
tite, the model correctly identifies 54 percent 
of the bills that were not considered. In 
Class 2, the model identifies 61 percent of 
the bills that were not considered, where a 
binary classification is used to divide bills 
into those that were considered (passed or 


and the Wilks lambda statistics were well within the 
acceptable range. These results and the standardized 
coefficients and the univariate F-statistics for the indi- 
vidual coefficients are available on request. 
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TABLE 3— CLASSIFICATION RESULTS ON PREDICTED COMMITTEE OUTCOMES 


Predicted Committee Outcome? 


Actual Committee Outcome No. of Cases Not Passed Passed 

Not Passed in Committee 1721 1026 695 
(60) (40) 

Passed in Committee 162 56 106 
(35) (65) 


Percent of Predicted Outcomes Correctly Classified = 60% 


Source: Legi-Slate (1985), 
aSee Table 2. 


failed) versus those not considered (tabled). 
In Class 3, the division is between bills that 
passed versus bills that did not pass (failed 
or not considered). We are able to identify 
bills in the not-passed category 60 percent of 
the time. This means that our model cor- 
rectly identifies 61 of the 102 bills that did 
not pass. By comparison, a random model 
(50-50) would predict that 298 of the bills 
would fail. 

Why is this an important result? It is 
important because we are dealing with the 
exception rather than the rule. Clearly, once 
reported from committee, most bills pass. 
But the 17 percent that did not pass puts an 
explanatory burden on the economic argu- 
ments. That is, can the alternative hypothe- 
ses derived from economic theory be applied 
to predict which bills will fall into this rare 
category of legislative behavior? (Yes.) 


C. Predicting Outcomes in Committees 


The hypotheses discussed in Section I also 
suggest a way to identify which bills will 
succeed through the committee process. Es- 
sentially, the same factors that explain the 
organization of final voting should explain 
the fate of bills as they are introduced and 
referred to committees. More senior and 
more trustworthy legislators’ bills will be 
more likely to clear the committee stage for 
final votes on the House floor. Just as earlier 
passage is a way to reward legislator loyalty 
and performance, so too is favorable treat- 
ment of a legislator’s proposals by the com- 
mittee system. 

To examine this implication and to pro- 
vide more generalized evidence on our ap- 


proach, we selected a random sample of bills 
introduced in the 98th Congress. The source 
for the second data set is Legi-Slate (1985). 
There were 6,444 House bills introduced in 
this Congress, out of which we drew a ran- 
dom sample of 2000 bills. We excluded 107 
private bills. Thus, our final sample consists 
of 1,893 bills that were referred to House 
committees. 

Our procedure with this second data set is 
straightforward. Again, we take Model A 
from Table 1, update the right-hand side 
variables to the 98th Congress, and recast 
the dependent variable in discrete terms, in 
this case, in terms of whether a bill passes or 
fails at the committee stage.’ A bill can be 
voted down at the committee stage or simply 
never be acted upon. 

The ability of the model to classify bills 
according to passed vs. not passed in com- 
mittee is summarized in Table 3. We do not 
have to dwell upon the results. The legislator 
loyalty/legislator capital arguments offer 
Statistically useful approaches to the prob- 
lem of identifying which bills survive com- 
mittees. To illustrate, there are 162 bills (8 
percent) in the sample that actually passed 
committee. Model A correctly identifies 106 
(65 percent) of those bills, taking again the 
naive a priori view that every bill in the 


12We use Model A from Table 1 for the reasons cited 
in fn. 11 above. The results of the discriminant analysis 
for classification of pass/not passed at the committee 
stage were: the F-significance level was .0001, and the 
Wilks lambda was .968. These results, the univariate 
F-statistics, and individual coefficients are available on 
request. 
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sample has an even chance of passing com- 
mittee. 


WW. Concluding Remarks 


The legislature is an important institution 
in a mixed capitalist economic system, and 
understanding and predicting its behavior is 
a central task for economic theory. Our pur- 
pose in this paper has been to suggest several 
alternative ways to proceed in this task. The 
findings for the U.S. House of Representa- 
tives suggest that the timing, sequence, and 
outcomes of final floor votes are influenced 
by organizational considerations. While we 
do not claim to have pinpointed an exact 
explanation for final voting behavior in legis- 
latures, we think we have provided enough 
evidence to broaden the debate about how to 
interpret its meaning. 
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Product Line Rivalry: Note 


By BIRGER WERNERFELT* 


In an important paper, James Brander and 
Jonathon Eaton (1984) derive several results 
about equilibrium product configurations 
when multiproduct firms compete. However, 
their results are derived from the assumption 
that each firm in fact offers multiple (two) 
products. The purpose of this note is to shed 
some light on the conditions under which 
such product line competition will emerge. 
In addition, I consider whether an industry 
will supply standardized or differentiated 
products. For expositional clarity, I will 
conduct the analysis in the context of an 
example. , 


I. The Example 


Brander and Eaton only allow their firms 
to produce four product types, which are 
specified as two pairs of substitutes. In order 
to investigate whether firms will offer prod- 
uct lines, I need to make it possible to offer a 
“standardized” product, while still preserv- 
ing the incentives to sell more differentiated 
products. To do this, I adopt a Hotelling- 
style framework and allow firms to locate 
any number of products, at a cost d per 
product, anywhere in the interval (0, 1]. 

I then must specify a demand structure 
that incorporates the tension between stan- 
dardization and differentiation. For this pur- 
pose, I assume the existence of two groups 
of consumers, indexed by 0 and 1, according 
to their preferred values of the product at- 
tribute a. Consumers are only willing to buy 
products whose a values differ at most by 
one-half from their preferred values, and 
they will demand a price discount on prod- 
ucts with a values other than 0 or 1. In 
particular, I assume that the utility functions 
are such that if consumers in group 0 have a 
choice between several products ( j = 2,3,...) 


*J, L. Kellogg Graduate School of Management, 
Northwestern University, Evanston, IL 60201. 
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located at a,( <1/2) and priced at p,, they 
will select that which minimizes p, + Ba? 
(8 > 0). Similarly, group 1 will minimize p, 
+ B(1—a,)*, (l-a,<1/2). If inverse de- 
mand is linear in these “attribute-adjusted” 
prices, it follows that product j will sell in 
group 0 at 
Poj =10— bX,- Ba, a,21/2, b>0, 

where X, is the total volume purchased by 
group 0 and we have normalized the inter- 
cept at 10. If group 1 is identical (except for 
its preferences about a), and that group is 
sold X,, the price will be p,;=10— bX,- 
BU- a)’, 1-a; <1/2. 

I model competition in this market as a 
two-stage game. In the first stage, each of n 
firms locates one or more products on [0,1]; 
in the second stage, these firms engage in 
Nash quantity competition with zero mar- 
ginal costs. Given this dynamic structure, 
firms will make first-stage decisions with an 
eye to their implications in the second stage. 
To find the perfect equilibria of the game, 
therefore, I first solve the quantity game for 
all different location decisions and then 
evaluate them, given equilibrium play in the 
second stage. Since firms can locate any 
number of products over the entire interval 
[0,1], the backwards solution procedure at 
first seems very complex. However, we can 
simplify matters a great deal. To see how, 
consider a product which is not located at 0, 


_1/2, or 1. Such a product will only sell in 


one group and will command a price strictly 
below that of the appropriately targeted 
product (0 or 1); therefore, the only possible 
equilibrium locations are 0, 1/2, and 1. Fur- 
thermore, it never pays for a firm to locate a 
product at 1/2 and another one at 0 or 1 at 
the same time, since strictly higher revenues 
can be obtained from locating at 0 and 1 
only. Roughly following Brander and Eaton’s 
terminology, I refer to the case where each 
firm specializes in one end of the market as 
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TABLE 1— b TIMES PROFIT 





1/2 0 









(10- 8/4)2/4 


2(10 ~ B/4)2/9—~ bd 
. +10- 8/2?/9- bd 





25-— bd 


segmentation, while interlacing describes 
situations where all firms offer two products. 
Standardization occurs when all products are 
located at 1/2. 

For the special case of a duopoly, it is 
tedious but trivial to compute the payoffs for 
the first stage of the game, given equilibrium 
play in the second stage. For example, if one 
firm locates at 0 while the other firm locates 
at 1, they will be local monopolists and can 
each reap profits of 25/b—d. Similarly, if 
both firms locate at 1/2, we have a homoge- 
neous duopoly and in Nash equilibrium each 
firm gets profits of 2(10— B/4)*(9b)~!— d. 
The entire payoff matrix, which obviously is 
symmetric, is shown in Table 1. From the 
table, it is trivial but tedious to establish that 


I. (1/2,1/2)—standardization—is a perfect 
equilibrium if 


B < min{9bd/20,40(3—2y2, 
40 —12( bd /2)'/"} 


II. (0,1)—-segmentation— is a perfect equi- 
librium if 


B > 8(17— V189 )/5; 100/9 < bd < 25. 


I. (0+1,0+1)—interlacing—is a perfect 
equilibrium if 


B > 20—(400-18bd)'””; bd <100/9. 
IV. (1/2,0+1) is a perfect equilibrium if 
B < min{20-(18bd)”, 
20— (400-18bd)*?}; bd < 208/9. 


(10+ B/4)7/9- hb 





0+1 


2(10+ 8/47 /9—2bd 
210- 8/2?/9— bd 








325/9- 2bd 


V. There are no other perfect equilibria. 


To interpret these conditions, it also may 
be helpful to refer to Figure 1. As one would 
expect, the basic forces at work are the in- 
centives to differentiate, measured by the 
heterogeneity of tastes (8), and the costs of 
offering additional products, measured by 
the scaled fixed costs (bd). Assume first that 
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\W\(0,1} is a perfect equilibrium 

II]1lf0*1,0*N is o perfect equitibrium 
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FIGURE 1 
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there are high fixed costs (so bd is high). If 
tastes are homogeneous (8 is small), both 
firms will offer a single standardized prod- 
uct. If tastes are heterogeneous, the firms 
will segment the market and each cater to 
one group. In certain intermediate cases, the 
incentives to differentiate and the costs of 
differentiating balance out so that only one 
firm can do it profitably. 

In the regions where there are multiple 
perfect equilibria, we can get uniqueness by 
letting the firms enter sequentially so that 
the first mover can impose the most profit- 
able equilibrium. There are two such regions, 
one in which (1/2,1/2) and (0,1) are perfect 
equilibria, and one in which (1/2,0 +1) and 
(0,1) are perfect equilibria. In both cases, it 
turns out that sequential play will lead to the 
configuration (0,1) because this eliminates 
competition. (In this example, it is not ad- 
vantageous to preempt the center of the 
market, since all demand is at the extremes.) 

The assumption that only two firms com- 
pete is clearly unsatisfactory. One would ex- 
pect continued entry until profits are driven 
to zero. If we concentrate on symmetric 
equilibria in industries with n firms, we can 
find the profits from standardization, seg- 
mentation, and interlacing as 


BIL (1/21 /2) = 2(10— 8/4} /(n +1) — bd 
BIT (0/1) =100/(1+ n /2)’— bd 
bIL(0+1|0+1) = 200/(n +1} —2bd. 


From this it can be seen that the segmented 
` structure allows the greatest number of firms, 
while standardization comes in second. As 
one would expect the interlaced product 
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configuration is the best entry deterrent, a 
result also found by Brander and Eaton. 


II. Concluding Remarks 


In an effort to supplement the product 
line rivalry results obtained by Brander and 
Eaton, I have examined a model in which 
firms may or may not choose to offer multi- 
ple products. The objective is to identify 
those conditions under which multiple prod- 
uct (or “product line”) offerings will emerge. 
The principal result is that heterogeneity in 
tastes and low product-specific fixed costs 
favor “product line rivalry” in the sense that 
both firms will produce two products and 
compete directly with each other. If tastes 
are more homogeneous and product-specific 
fixed costs are high, both firms produce a 
single standardized product. If both hetero- 
geneity and fixed costs are high, each firm 
will produce a different single product. 

Since this analysis has been conducted in 
the context of a specific example, the results 
have to be interpreted with caution. Gener- 
alization to a more realistic setting would 
complicate the exposition considerably. For 
example, if consumers are continuously dis- 
tributed on [0,1], it is no longer possible to 
establish that locations other than 0, 1/2, 
and 1 are dominated; therefore, the first 
stage of the game has to be analyzed as an 
infinite game. Nevertheless, I trust that the 
reader will find the intuition behind these 
results quite robust. 
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An Unpublished Letter from Malthus to Jane Marcet, 
January 22, 1833 


By BETTE A. POLKINGHORN* 


$ E I Coli Jan 22, 1833 
My dear Madam 
I have read John Hopkins’s Notions on Political Economy with great interest and satisfaction, and am 
decidedly of opinion that they are calculated to be very useful. They are in many respects better suited 
to the labouring classes than Miss Martineau’s Tales which are justly so much admired. I am strongly 
therefore inclined to advise you to publish them in as cheap a form as you can, for general circulation, 
and to give away. We shall be happy to purchase a dozen of them to distribute to the Cottagers in our 
neighborhood. I think your doctrines very sound, and what is a more essential point, you have explained 
them with great plainness and clearness. [If I were obliged to find any fault, I should say that you have 
presented in rather too brilliant and unshaded colours the advantages which would accrue from the 
abolition of the Corn Laws, so as to excite expectations which cannot be realized.* In the actual state of 
the redundancy of labour in this country, it appears to me scarcely possible to conceive that the money wages 
of labour will not fall nearly in proportion to the price of corn, and the labourers be greatly disappointed. It 
will no doubt give a stimulus to foreign trade; but it must for a considerable time aggravate the 
redundancy of labour in country parishes; and during the process of the change, there will probably be 
more thrown out of work than in any other case of the restrictions of the freedom of trade, on account 
of the largeness of the concerns. It will also tend to raise the value of money and increase the pressure of 
the national debt. Still I am for the removal of the restrictions, though not without fear of the 
consequences.]° I have been (interrupted?) and must finish. 
Most truly yours 
T. Robt Malthus 


While doing research for a book on the Marcet, was one of the leading popularizers 
life and work of Jane Marcet, I was for- of political economy in the first half of the 
tunate enough to discover the above hitherto nineteenth century. She wrote Conversations 
unknown letter written by Malthus in 1833, on Political Economy (1816) for adults and 
shortly before his death.! The recipient, Jane young people, John Hopkins’s Notions on 

Political Economy (1833) for workers, and 
Rich and Poor (1851) for children. Her work 


: eee . was held in high esteem by her contem- 
*Department of Economics, California State Univer- 


sity, Sacramento, 6000 J Street, Sacramento, CA 95819. Ponies such as J. B. Say, who called a 
I thank Brinley Thomas and two anonymous referees the only woman who had written on politi- 


for helpful comments on an earlier draft of this paper. cal economy and shown herself superior even 
' The letter is in the Marcet Collection of the Archive to men” (DNB, 1899, p. 123). Writing from 


Guy de Pourtaleés. It is published with the permission of A i 
the Fondation Guy de Pourtalés-Etoy, et Centre de Fast India College, Hertfordshire, Malthus 


Recherches sur les Lettres Romands, Université de 
Lausanne, Switzerland. It is postmarked January 23, 
1833 and addressed: Mrs. Marcet, 49 Weymouth Street, ee ee Se a ee 
Portland Place, London. The underlining (shown here the process, was able to identify the people I sought. 
in italics) and brackets are by Malthus. They had papers and were friendly and cooperative. 
Jane Marcet was of British birth and Swiss descent. They informed me that there were many more papers in 
In London in the fall of 1983, I attempted to locate Switzerland. Therefore, I went to Switzerland and was 
descendants of Mrs. Marcet so as to determine if papers given permission to study these records. While reading 
still existed. The search at one point involved the pe- in the Marcet Collection of the Fondation Guy de 
rusal of each of the 283 telephone books in Britain in an Pourtalés, I discovered a package of letters written 
effort to identify families with the surname Pasteur—the about Jane Marcet’s books. The letter from Malthus, 
family name of some of Jane Marcet’s descendants. I unknown to modern scholars, was included in this 
wrote to every person found with that name and, through package. 
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was acknowledging his receipt of Mrs. 
Marcet’s John Hopkins’s Notions on Political 
Economy. The letter deals with the Corn Law 
controversy and ends with an important 
sentence—“‘Still I am for the removal of the 
restrictions, though not without fear of the 
consequences.” 


I. Footnotes to the Letter 


4Marcet’s opinion was typical of oppo- 
nents of the Corn Laws—food would be 
cheaper and workers’ real income higher with 
free importation of corn. 

Although it sounds strange to a mod- 
ern economist, Malthus thought the working 
class better off when the price of corn was 
high rather than low. Malthus is correct if it 
is assumed that money wages vary with the 
price of corn and that the prices of other 
goods do not vary as much. For a thorough 
explanation, see William Grampp (1956). 

In his Observations on the Effects of the 
Corn Laws (1814), Malthus had set out ob- 
jectively the case for and against the Corn 
Laws without committing himself. As he put 
it in his subsequent 1815 pamphlet, “Some 
of my friends were of different opinions as 
to the side, towards which my arguments 
most inclined. This I consider as a tolerably 
fair proof of impartiality” (p. 138). In this 
pamphlet, Malthus took into account “some 
facts which have occur[rJed during the last 
year, and which have given, as I think, a 
decisive weight to the side of restrictions” 
(p. 138). He referred to the sharp fall in the 
price of corn and in the price of bullion, and 
the decision of France to free the export of 
corn. His conclusion was as follows: “T firmly 
believe that, in the actual state of Europe, 
and under the actual circumstances of our 
present situation, it is our wisest policy to 
grow our own average supply of corn...” 
(p. 173). The weights which Malthus at- 
tached to the pros and cons were clearly 
influenced by his evaluation of contem- 
porary events. 

The case for restrictions was elaborated in 
Additions To The Fourth and Former Editions 
of An Essay On The Principle of Population 
(1817) and in Principles of Political Economy 
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Considered with a View to Their Practical 
Application (1820). While arguing that free 
trade was best for the world as a whole, 
Malthus claimed that England’s long-run 
interests required a balanced growth of 
the agricultural and manufacturing sectors, 
with neither preponderating over the other: 
“Whether a balance between the agricultural 
and commercial classes of society, which 
would not take place naturally, ought, under 
certain circumstances, to be maintained 
artificially, must appear to be the most im- 
portant practical question in the whole com- 
pass of political economy” (1817, p. 182). 
The key sentence in Malthus’ letter to 
Marcet, “Still I am for the removal of the 
restrictions, though not without fear of the 
consequences,” indicates that in the cir- 
cumstances of 1833 he had changed his 
weighting of the various arguments. I can 
only speculate on the reasons. There may be 
a clue in the fact that in the previous year, in 
a letter to Thomas Chalmers (1832), he wrote, 
“I quite agree with you in regard to the 
moral advantage of repealing the Corn 
Laws.” Chalmers’ argument was that repeal 
would lessen “the burning discontent all over 
the land” and “sweeten the breath of British 
society,” and that it was immoral for a 
government dominated by landlords to use 
the power of the state to maintain dear food. 
Moreover, the advantage of cheap food for 
the working class would not be lost if popu- 
lation growth was checked by moral restraint 
(1832, pp. 523-24 and 539-40). It is possible 
that these considerations tipped the balance 
for Malthus in 1833. To the best of my 
knowledge, this was his last word on the 
subject. He died on December 29, 1834. 
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Competitive Payments Systems: Comment 


By ROBERT L. GREENFIELD AND LELAND B. YEAGER* 


In the September 1984 issue of this Re- 
view, Lawrence H. White criticizes several 
recent proposals for monetary reform, in- 
cluding what we (1983) call the BFH system. 
Under this system, the government, pre- 
cluded from issuing money, would merely 
define a new unit of account and encourage 
the unit’s general adoption by using it in all 
its own, pricing, contracting, and account- 
ing. The definition would run in terms of so 
comprehensive a bundle of precisely grad- 
able items with continuously quoted prices 
that the new unit would have a stable gen- 
eral purchasing power. 

According to White, our considering that 
the system’s unit of account has operational 
meaning merely means that we “find the 
concept of keeping track of relative prices by 
use of a numeraire unit not incoherent or 
self-contradictory” (p. 703). But we see in 
the unit’s operationality more than just the 
calculations of Walras’ auctioneer. We use 
the term “operational” only after having 
satisfied ourselves that in the course of 
honest-to-goodness market activity, the unit 
denominating privately issued notes and de- 
posits would pose no threat of prying itself 
loose from its commodity-bundle definition. 
The absence of any dominant medium of 
exchange, or “cashlessness,” to use White’s 
term, ensures their adhesion. 

The danger of the commodity-bundle- 
defined unit of account falling into desue- 
tude would exist if all things serving as media 
of exchange were essentially indistinguish- 
able from one another. Quantities of a ho- 
mogeneous medium of exchange would be 
measurable in a common unit distinct from 
the actual commodity bundle; and that com- 
mon unit, the medium-of-exchange unit, 
might indeed rival the commodity bundle 
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itself as the unit of account. But under the 
BFH system, which would eschew govern- 
ment money, no such single homogeneous 
medium of exchange would exist, so no ten- 
sion could arise between regarding a unit of 
it and regarding the commodity-bundle- 
defined unit as the unit of account. Notes 
and demand deposits, as well as checkable 
equity holdings in the institutions issuing 
them, would be distinguishable by their 
private issuers, who individually would face 
competitive pressures to keep their obliga- 
tions meaningful. 

These pressures would come to a focus at 
the clearinghouse. Convenience would dic- 
tate, however, that in settling clearinghouse 
balances due on account of notes and checks 
(checks drawn on both deposits and equity 
holdings), issuers transfer not quantities of 
the standard bundle itself, but redemption 
property worth as many standard bundles as 
the number of units to be settled. Issuers 
would thus keep their obligations meaning- 
ful by making them “indirectly” convertible, 
convertible into “bundles-worths,” and so 
prevent the unit of account from losing con- 
tact with its commodity-bundle definition. 

While retaining and enhancing the ad- 
vantages of a single definite pricing and 
accounting unit and convenient methods of 
payment, the BFH system would avoid the 
absurdity of a unit of account whose size is 
the supply-and-demand-determined value of 
any medium of exchange. With the unit of 
account and media of exchange separated, 
the unit’s value would be established by 
definition, leaving the quantities of the vari- 
ous media of exchange directly responsive to 
the demands for them. No longer could there 
be too much money, causing inflation, too 
little money, causing depression, or a tem- 
poral sequence of imbalances, causing stag- 
flation. 

Somehow thinking that we expect unit- 
of-account-denominated deposits to disap- 
pear even while outside money continues to 
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exist, White emphasizes today’s “compara- 
tive costliness of check writing against mon- 
ey market funds” (p. 707). The BFH system, 
however, would dispense with outside mon- 
ey, from whose dominance that cost dif- 
ferential—if indeed one actually exists— 
might spring. People could choose between 
checkable equity holdings and checkable 
unit-denominated deposits. We conjecture 
that the former would play a prominent role, 
but the logic of the BFH system in no way 
presupposes their displacing unit-denom- 
inated deposits, 

White (p. 710) says that deregulation does 
not imply the disappearance of outside mon- 
ey. Needless to say, it does not. But not only 
does he seem to say (p. 712) that we think it 
does, he also considers “cashlessness” itself 
to do some violence to the very institution of 
credit. In White’s view (p. 710), the BFH 
system is circular somehow because bonds 
and interest on them are supposedly pay- 
able, ultimately, only in shares in portfolios 
of bonds. (Actually, we expect checks on 
equity funds to be used in payments also, 
but that is a side point only.) 

What trouble does the supposed circular- 
ity cause? If White thinks the BFH system 
suffers from circularity, what does he think 
of our existing system, in which bonds are 
payable only in money—pieces of paper not 
payable in anything at all? Is White consoled 
because those pieces of paper count as out- 
side money? In both the BFH system and 
our existing system, bondholders receive in- 
terest and repayment of principal in prop- 
erty, typically paper assets, that they can 
exchange for desired goods and services. (The 
processes that give actual exchange value to 
this payment property differ between the 
two systems, but that is a minor detail in- 
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sofar as White’s tacitly taking redeemability 
as the criterion of noncircularity is con- 
cerned.) The longer people wait to consume 
goods and services, the more they can ulti- 
mately consume. That is what interest is 
about. Where is the difficulty? 

White (p. 710) explains how money orig- 
inated and how the unit of account has been 
linked to the medium of exchange. He says - 
that the BFH system could not evolve in the ` 
same spontaneous fashion, as if this fact 
counted heavily against it. But why should 
an account of historical evolution, or conjec- 
tures about what might have spontaneously 
evolved or might still evolve, form the 
centerpiece of judgments about. what is de- 
sirable now? Accumulated experience, new 
ideas for alternative systems, and advanced 
technology of communications, calculations, 
and record-keeping open up new possibili- 
ties. Why not take them into account in 
deciding where to proceed from here? 

Any monetary reform must begin from 
where we are now. Dismantling government 
domination of the existing system will re- 
quire deliberate policy actions, and the par- 
ticular actions taken will unavoidably condi- 
tion the successor system. Its capacity for 
emerging spontaneously is a spurious crite- 
rion of desirability. 
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Competitive Payments Systems: Reply 


By LAWRENCE H. WHITE* 


My 1984 article critically reviewed the 
work of several authors who have conceived 
of competitive payments systems devoid of 
outside money and free of any link between 
payment media and the unit of account. I 
concluded that cashlessness, and the divorce 
of the unit of account from own-units of 
payment media, are not natural products 
of unrestricted competition. Further, some 
imagined systems incorporating these fea- 
tures suffer from internal incoherence. Ro- 
bert Greenfield and Leland Yeager (1986) 
register three principal complaints about my 
treatment of their 1983 contribution to this 
literature. First, I did not appreciate just 
how operational they think the unit of 
account in their system (what they call a 
“BFH system”) really is. Second, I made an 
argument, concerning the circularity of bonds 
payable only in bonds, which they find dif- 
ficult to understand. Third, and evidently 
most importantly, they believe that I argued 
“as if” to question the desirability of their 
system as a serious proposal for monetary 
reform. I will respond to each of these com- 
plaints in turn. 


I. Operationality 


The issue of whether the unit of account 
in a Greenfield-Yeager system is operational, 
that is, fit for proper functioning, can be 
framed in various ways. The narrowest of 
these is whether a Walrasian auctioneer could 
coherently use the unit. Greenfield and 
Yeager apparently agree with me that an 
affirmative answer to that question does not 
establish very much, for they insist (justifi- 
ably) that they have framed the issue more 
broadly than that. They argue that “honest- 
to-goodness” decentralized trading would not 
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pry the unit denominating payment accounts 
(demand deposits or checkable equity hold- 
ings) away from a commodity-bundle defini- 
tion of the unit of account initially adopted. 
No divorce could come about, they say, be- 
cause the only plausible alternative unit for 
denominating payment accounts would be 
some quantity of a common medium of ex- 
change, and their system has no common 
medium of exchange. 

Let us suppose, for the sake of argument, 
that a Greenfield-Yeager system has been 
established. Would market forces subse- 
quently promote .the emergence of a com- 
mon medium of exchange, or would they 
prevent such a development? As far as I can 
tell, Greenfield and Yeager have not ad- 
dressed this question. (Nor have I pre- 
viously.) They do state that “under [our] 
system, which would eschew government 
money, no such single homogeneous medium 
of exchange would exist” (p. 848). But surely 
absence of government money does not in- 
sure absence of any homogeneous outside 
money: a specie standard with private mints 
and no government bank furnishes a concep- 
tual counterexample. 

In Carl Menger’s theory of the origin of 
money, which my article recounted, the needs 
of hand-to-hand traders promote the emer- 
gence of a common medium of exchange 
which eventually takes the form of an out- 
side currency. For present purposes, how- 
ever, I grant the assumption that in a 
sophisticated payments system the public can 
happily do without an outside currency. 
Market pressure for a common medium of 
exchange would instead be felt most strongly 
at the clearinghouse. (For simplicity, assume 


1Greenfield and Yeager (1986) add that payment 
account holdings would be nonhomogeneous, differ- 
ing according to issuer. But this is logically unrelated, 
as the same counterexample shows, to the existence 
or nonexistence of a homogeneous outside money. 
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that a single clearinghouse covers the entire 
economy.) Greenfield and Yeager speak of 
clearing balances being settled by transfer 
of nonhomogeneous “redemption property” 
(1986, p. 848; 1983, p. 307). They do not 
further elaborate except to speculate that the 
settlement assets agreed upon by member 
funds might consist of “specified securities.” 
Already this recognizes the crucial point that 
not ail assets are equally acceptable to all 
traders as payment. 


How then are settlement assets and their - 


values agreed upon? Certainly it would not 
be feasible to negotiate each settlement indi- 
vidually. Suppose instead that there is a 
pre-approved list of specified securities. Who 
chooses the securities to be remitted in a 
particular day’s settlement? It does not seem 
workable to let the paying member fund 
make the choice. Assuming end-of-day set- 
tlement using securities evaluated at closing 
prices, the fund would have an incentive to 
remit securities which up-to-the-minute news 
indicated would be likely to lose the most 
value between that day’s (or the most recent 
market day’s) closing and the next market 
day’s opening. And it could profit the fund 
to bid up a closing security price in order to 
lock in an artificially high price at which to 
unload a great quantity of the security (in- 
cluding the quantity it had just purchased). 
There would be even graver problems with 
evaluation and choice of securities for pur- 
poses of intraday settlement, when the spread 
between bid and ask prices is obvious. For 
these reasons, there would be market pres- 
sure for a homogeneous settlement asset. 
The clearinghouse can provide such an asset 
by holding member fund redemption prop- 
erty on account, and pooling it, giving each 
fund homogeneous shares in the clearing- 
house portfolio (hereafter CP). The clearing- 
house can then make settlement instanta- 
neously by transfer of CP shares between 
accounts. That ability is important in light of 
the fact that wire transfers account for ap- 
proximately three-fourths of all transactions 
in the United States today in unit-of-account 
volume (Maxwell Fry and Raburn Williams, 
1984, p. 6). 

This arrangement makes the participating 
funds themselves owners of shares in a funds’ 
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fund, just as clearing banks today own de- 
posits at a bankers’ bank. More importantly, 
it gives CP shares many of the characteris- 
tics of outside money. The CP shares are 
effectively a redemption medium for trans- 
fers among ordinary commercial payment 
accounts, just as deposits at the Federal 
Reserve are in the present American bank- 
ing system. Over-the-counter redeemability 
might also emerge. CP shares are routinely 
accepted as a medium of exchange, because 
no one will refuse to accept the ultimate 
clearing asset. A question requiring further 
thought is whether CP shares can be spent 
into existence, and, if so, with what conse- 
quences. 

Does the CP share constitute a unit which 
could rival the government-chosen commod- 
ity bundle as a unit of account? It does if the 
clearinghouse defines the CP share in “phys- 
ical” terms, for example, one CP share equals 
1.0 shares Alcoa common stock, 2.5 shares 
Burlington Northern stock, 1.7 shares Co- 
noco stock, and so on down a list. The price 
of a CP share in terms of the government- 
stipulated numeraire would then vary day to 
day. Correspondingly, the CP share price of 
the commodity bundle to which all gov- 
ernment accounting and obligations were in- 
dexed would vary from day to day. If, on the 
other hand, the clearinghouse were to de- 
nominate CP shares in unit-of-account 
terms, just as the typical money market mu- 
tual fund today fixes its share price at one 
dollar, then no rivalry would exist. The 
clearinghouse might well choose not to do 
so, however, in order to avoid the awkward- 
ness of posting a price for acquisition and 
surrender of CP shares by funds, which could 
only be paid in bundles of primary securi- 
ties, in units other than the units it would 
routinely accept and pay. 


Il. Circularity 


I argued that there is a circularity problem 
in a Greenfield-Yeager system if two condi- 
tions simultaneously hold: 1) bonds are ex- 
clusively claims to streams of payment in 
fund shares; and 2) fund shares are claims to 
portfolios consisting exclusively of bonds. 
The problem may perhaps be grasped more 
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clearly by considering the absurdity of con- 
sols which are exclusively claims to future 
streams of similar consols.? Who would want 
to buy such a claim? A transactor attempt- 
ing to value it faces an infinite regress. I 
don’t know how to make the difficulty any 
clearer. My conclusion was not that every 
cashless competitive payments system is in- 
herently circular, but that to avoid circular- 
ity, conditions 1 and 2 could not both hold. 
Circularity would be avoided if either bonds 
were claims to streams of commodities or 
equities, or fund portfolios consisted of equi- 
ties. (I argued that either of these arrange- 
ments would introduce other problems, 
however.) Present-day bonds payable in fiat 
money pose no circularity problem. To recog- 
nize this is not to find any great solace in 
fiat money’s irredeemability. The apparent 
“bootstrap” paradox of fiat money itself 
having a positive value, I argued (p. 706), 
can be resolved by understanding the histori- 
cal transition from redeemable to irredeem- 
able central bank liabilities. 


HI. Reform 


Contrary to the first sentence of Green- 
field and Yeager’s comment, I did not treat 
their 1983 piece as a proposal for monetary 
reform. I therefore did not intend my con- 
jectures about spontaneous evolution to 
“form the centerpiece of judgments about 
what is desirable now,” as they suppose 
(p. 000). Instead, I deliberately and explicitly 


limited my critique of their system, and of — 


the cashless competitive payments systems 
of Black and Fama, to questioning “their 
applicability for modeling current arrange- 
ments or predicting future arrangements” 
(p. 706). I thought that a purely analytical 
approach was consistent with the approach 
of Greenfield and Yeager, who in their open- 
ing paragraph remark: “Regardless of who if 
anyone may actually advocate the system, 
contemplating it is instructive. It illuminates, 
by contrast, some characteristics of our exist- 
ing and recent systems” (1983, p. 302). I 


2I borrow this example from Kevin D. Hoover (1985, 
p. 55). 
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agree fully with that. And I would add that 
most readers will probably find the idea of a 
cashless competitive payments system easier 
to contemplate seriously when it is presented 
as an analytical construct than when it is 
presented as a reform proposal. But I am 
willing to deviate from my original purely 
analytical orientation in order to address 
briefly here the issues raised by cashlessness 
as a reform proposal. 

I do not at all wish to question Greenfield 


. and Yeager’s preference for “Dismantling 


government domination of the existing sys- 
tem” (p. 849), that is, for moving to a private 
and unregulated payments system. (For what 
it is worth, I share that preference.) We 
agree that doing this entails deregulating 
banks and other financial institutions. There 
remains, however, the question of how to 
undo government’s current control over the 
quantity of basic money. As they correctly 
insist, any approach requires deliberate pol- 
icy actions that will condition the successor 
system. One avenue of reform (the one I 
happen to favor) is to take steps to enable’ 
private competitively issued money to sup- 
plant government fiat money. Commodity 
money, having historical precedent, is the 
most obvious form private outside money 
might take, but noncommodity monies as 
imagined by Hayek (1978) are also worth 


. consideration. Greenfield and Yeager’s alter- 


native avenue is simply to abolish money. 
In its starkest outlines, Greenfield and 
Yeager’s argument for reform runs as fol- 
lows. 1) Monetary payments systems inher- 
ently have important features which are so- 
cially undesirable. 2) Therefore it is desirable 
to abolish money. In advancing these two 
propositions their argument reminds me of 
S. Herbert Frankel’s characterization of 
Keynes’ outlook: “[I]t rests on the fear of 
money itself. ... Keynes...sees money as dis- 
torting everything and wants the authority of 
the state to force money to reflect a less 
disturbing image” (1977, p. 3). Greenfield 
and Yeager, while fearing money, instead 
want the state to facilitate the abandonment 
of money. They propose that an effective 
and desirable way to abolish money is to 
have government announce and use a unit of 
account defined in terms of a bundle of 
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goods so wide as to be totally unusable as a 
medium of exchange.? 

The logical gap between steps 1 and 2 
should be obvious. Granting that the use of 
money carries with it certain social costs 
(foregone benefits of barter) does not compel 
one to conclude that its costs outweigh its 
benefits. One of my purposes in tracing the 
spontaneous evolution of money, and in em- 
phasizing the supreme saleability of money, 
was to indicate that there are important ben- 
efits to using a common medium of ex- 
change, namely in facilitating transaction. 
These benefits are never mentioned by 
Greenfield and Yeager, and seem to have 
been overlooked.* Such an oversight is 
surprising given that Yeager is the author of 
a classic account of “the essential properties 
of a medium of exchange” which emphasizes 
money’s supreme saleability in comparison 
with other assets. In that paper, Yeager re- 
cognizes that money has uniquely low trans- 
actions costs, and explains that for an asset 
to have “the lowest transactions ‘ costs” 
means that “loosely speaking, it is the most 
convenient medium of exchange” (1968, 
p. 67). Surely the extra convenience of using 
money—of having a generally accepted asset 
or ultimate settlement—is a genuine benefit 
that ought not to be neglected in the evalua- 
tion of monetary vs. nonmonetary payments 
systems. 

Most of the advantages that Greenfield 
and Yeager (1983, pp. 308-11) claim for 
their system may be attained, I believe, 
without abolishing money. Reasonable sta- 
bility in the purchasing power of the 
numeraire, an end to inflationary finance, 
competitive innovation in payments insti- 


3Greenfield and Yeager (1983, p. 303) explicitly 
eschew state force against money users. Presumably, 
however, citizens are to be forced to pay taxes in 
commodity-bundle-denominated media. It is nonethe- 
less far from obvious, to anyone skeptical of the state 
theory of money, that these measures would be suffi- 
cient to make private traders abandon dollars in order 
to adopt the new system. 

“Greenfield and Yeager do assert that their system 
would retain “convenient methods of payment” (1986, 
p. 848), for example, check writing, but they evidently 
see no convenience in a common medium of payment. 
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tutions, resistance to financial panics, and 
mitigation of macroeconomic difficulties 
through a demand-elastic supply of particu- 
lar forms of payment media, would all be 
promoted by deregulation of banking (in- 
cluding the private issue of currency).com- 
bined with freezing or denationalizing out- 
right the supply of base money.’ In addition, 
either freezing or denationalizing the mone- 
tary base (the latter by redeeming fiat dollars 
for some commodity presently stockpiled by 
government) avoids an important disad- 
vantage of cashlessness: the transition to 
cashlessness implies significant wealth losses 
to relatively heavy base-money holders. 


5 George Selgin (1986) provides detailed arguments 
for these results, particularly the first, fourth, and fifth. 
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The Evans and Heckman Subadditivity Test: Comment 


By TOSHIYUKI SUEYOSHI AND PETER C. ANSELMO* 


David Evans and James Heckman’s article 
in this Review (1984) described the develop- 
ment of a numerical test to measure subad- 
ditivity of a cost function with an applica- 
tion to the Bell System. Unfortunately, a 
feature of this test was not discussed and its 
related figures for admissible regions are not 
drawn correctly in their article. (See also 
their 1983 papers.) In this comment we 
briefly mention the feature and correctly 
draw two figures for admissible regions for 
subadditivity measurement. 

An important feature of the Evans-Heck- 
man test is the restriction of the subadditiv- 
ity test to years for which the outputs of the 
multiple products are at least twice the lowest 

- levels of their products, so that their multiple 
imaginary firms may provide multiple prod- 
ucts whose total quantities sum to the same 
output as would be found in the case of 
single-firm production. 

Another unique feature of the Evans- 
Heckman test is the inclusion of two con- 
straints related to the output ratio; R,, the 
lower bound and Ry, the upper bound. The 
constraints are expressed as equations (10) 
and (11) in their article. They treat a re- 
Stricted region as an admissible region in 
which all the entries are between R, and 
Rz. Other entries, either above R, or below 
Ry, are eliminated from subadditivity mea- 
surement. (See their Figure 2, p. 618.) How- 
ever, as the symmetry property indicates, the 
“real admissible region” to measure subad- 


*Assistant Professor, Ohio State University, School 
of Public Administration, 1775 College Road, Colum- 
bus, OH 43210, and Ph.D. candidate, University of 
Texas-Austin, Graduate School of Business, Manage- 
ment Department, Austin, TX 78712. This research was 
partly supported by the Management Department, Uni- 


versity of Texas at Austin. We thank William W. Cooper . 


for helpful comments and encouragement. 
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ditivity is required to satisfy both the re- 
Stricted region as they proposed and the 
symmetry condition that we here provide. 
Figure 1 illustrates how their proposed 
constraints restrict a measurable region. The 
smallest hypothetical production size is gy. 
The curve from a to i denotes output con- 
figurations from the first to last observations. 
G, is an output vector for a certain year í 
whose subadditivity may be measured in the 
rectangular region (a-b-c-d-a). The broader 
measurable region is divided into a restricted 





PRODUCT 2 


FIGURE 1. DETERMINATION OF RESTRICTED REGION (R) 


PRODUCT 1 





PRODUCT 2 


FIGURE 2. REAL ADMISSIBLE REGION (A) 
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region (R: a-e-f-c-g-h-a) whose entries all 
satisfy the two constraints, R; and Ry, and 
the other region in which the constraints are 
not satisfied. The latter region consists of 
two triangles (e-b-f-e and h-g-d-h) in Fig- 
ure 1. 

On the other hand, the admissible region 
for subadditivity measurement is illustrated 
in Figure 2. The admissible region is ex- 
pressed by the area A: (a-j-k-c-g-h-a) in 
which the distance ck and cg are equal to ah 
(= ck) and aj (= cg), respectively. The two 
constraints and the symmetry property di- 
minish the measurable region for subadditiv- 
ity as shown in Figure 2. 


— and 
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ERRATUM 


A Test For Subadditivity of the Cost Function with 
an Application To the Bell System 


By DAVID S. EVANS AND JAMES J. HECKMAN* 


In our paper published in this Review, 
September 1984, we presented a new test of 
the subadditivity of industry cost functions 
and applied the test to cost data from the 
Bell System. The data and cost functions 
used to perform the test were presented in 
our earlier paper (1983a). Unfortunately, 
there were some typographical errors as well 
as minor factual errors in both articles which 
make it difficult to replicate our empirical 
results precisely. 

Here we present the correctly labeled cost 
functions fit on the correct data, and revised 
subadditivity tests for the revised cost func- 
tions. These corrections have no substantive 
effect on our finding that the Bell System 
was not a natural monopoly. 

Some of the data reported in Table 10.14 
of our paper (1983a) are incorrect. Because 
of typographical errors some of the reported 
data are not the correct data we used in our 
estimation. In addition, some of the data we 
used in our estimation were not copied accu- 
rately from the Bell System data. The major 
error occurs for 1977. Minor errors occur in 
some variables for 1964, 1970, and 1973. A 
table available from the authors reports the 
corrected data.! As it turns out, the data 


*Fordham University, Bronx, NY 10458 and Univer- 
sity of Chicago, Chicago, IL 60637. We thank Orley 
Ashenfelter, Bo Honore, and George Yates for their 
assistance in preparing this erratum. 

There are a few errors. The corrections for the cost 
data are: 1964 =10542.5; 1970 =16516.9; 1973 = 
21190.3; 1977 = 34745.3. Toll output for 1947 = .34642; 
for 1948 =.37201. Price of capital 1977=1.41935. Re- 
search and Development 1966 =1.66877. Share of 
capital in cost 1977=.46712. Share of labor in cost 
1977 =.39259. Many of these errors are typographical 
errors in our tables which were not made in processing 
the data. 
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errors do not affect the estimated cost func- 
tion. The cost and cost share data are calcu- 
lated using 1967 prices. However, we nor- 
malize the input prices used as regressors in 
the cost and cost share equations to 1961 
dollars. The discrepancy in the base used for 
the cost and input prices thus only affects 
the estimated intercept of the cost function, 
because we adopt a logarithmic specification 
for the cost function. 

A more serious error that inhibits repli- 
cation of our results is an inadvertent switch 
in the names of certain variables. Three mul- 
tiplicative constants were also misstated so 
that the reported coefficients do not directly 
accord with the coefficients of the cost func- 
tion. The correctly labeled cost function 
estimated on the corrected data is presented 
in Table 1. (This corresponds to Table 3 in 
our 1984 article.) These estimates are secured 
by imposing symmetry, homogeneity, and 
the cross-equation restrictions of producer 
theory despite the fact that these restrictions 
are rejected by the data. 

In our papers (1983a; 1984), we use our 
estimated cost function to test for subad- 
ditivity of the Bell System technology for a 
two-firm breakup of the company (assuming 
that both firms have access to the same 
technology). In order to avoid extrapolation 
error, we define an admissible region in such 
a way that (a) no hypothetical firm can 
produce less of either local or toll output 
than is observed in the data, and (b) so that 
both hypothetical firms produce output 
within the range of ratios of the outputs 
actually observed in the data. Our test treats 
the two hypothetical firms symmetrically 
since they are assumed to have access to a 
common technology. The admissible region, 
so defined, does not necessarily contain any 
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ERRATA 


TABLE 1— PARAMETER ESTIMATES FOR TRANSLOG COST FUNCTION 


Incorrect 
Label 


Toll? 
Local? 


Capital- Toll 
Capital - Local 
Labor- Toll 
Labor- Local 


Toll- Technology 
Local - Technology 


Summary Statistics 


Cost Function 
Capital Share 
Labor Share 


System MSE = 2.893 


CORRECTED FOR SERIAL CORRELATION 





Parameter 
(Correct) Estimate Standard Error 
Constant 9.054 .005 
Capital (Price) .536 .008 
Labor (Price) .354 .007 
Local (Output) .206 .299 
Toll (Output) .504 .219 
Technology* — 201 .086 
Capital? 223 026 
Labor? 174 027 
Capital- Labor — 183 .020 
Local?# — 16.646 4.310 
Toll?# — 8.969 2.595 
Local- Toll 12.167 3.105 
Technology” —.180 517 
Capital - Local 343 140 
Labor- Local — 362 123 
Capital- Toll —.180 .085 
Labor- Toll .161 072 
Capital - Technology .081 .054 
Labor: Technology ~— 052 048 
Local- Technology — 1.553 1.503 
Toll- Technology 1.430 1.431 
Autocorrelation 
Parameter for: 
Cost Equation 186 105 . 
Share Equation .106 .093 
Degrees of 
R? Freedom D-w? 
.9999 14 2.15 
9753 27 1.57 
.9834 27 1.61 


aln our 1983 and 1984 papers, the coefficients on Local? and Toll? should be 
multiplied by 2 and the coefficient on technology multiplied by 1/2 to obtain coeffi- 
cients consistent with the parameterization of the cost equation given in our previous 


papers. 


>This is the Durbin-Watson for the residuals from the p transformed equations. 
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particular historical output level for the Bell 
System. 
We define the degree of subadditivity by 


C, 
Sub,(¢, w) =— 


~ 


where C, denotes predicted cost in year ¢ at 
output level qo 4 and Ë are hypothetical 
output levels for firms A and B, respectively, 
and C,=C(G'+G?), f +4? =q, and G4 
and q? satisfy the constraints on admissible 


outputs. If this expression is negative, the 
cost function is subadditive at 9,97. If the 
expression is positive, the cost function is 
superadditive. Statistically significantly posi- 
tive values reject the hypothesis of subad- 
ditivity or natural monopoly. Our test is 
local. Failure to find subadditivity within the 
admissible region is informative in rejecting 
the hypothesis of subadditivity. 

We use our cost and cost share data to 
compute the revised estimates of Sub,(¢, w) 
reported in revised Table 2. There are only 
small differences between the numbers in 
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TABLE 2— MAXIMUM PERCENT GAIN FROM MULTIFIRM 
vs. SINGLE-FIRM PRODUCTION® 


Year Percent Gain Standard Error 
1958 12.0 15.2 
1959 17.3 14.0 
1960 19.2 13.6 
1961 21.7 13.7 
1962 26.6 12.9 
1963 32.0 12.9 
1964 39.7 13.3 
1965 46.4 15.7 
1966 51.4 18.0 
1967 55.0 20.3 
1968 56.0 21.8 
1969 54.4 24.7 
1970 54.7 25.7 
1971 52.4 26.1 
1972 46.9 27.5 
1973 43.3 20.0 
1974 44.2 19.9 
1975 47.0 19.7 
1976 49.9 19.3 
1977 52.4 18.8 


*Entries equal max Sub, X100. A positive number 
indicates that multifirm production is more efficient 
than single firm production. The cost function is as 
reported in Table 2. Complete copies of subadditivity 


tables for each year are available on request from the’ 


authors. 
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Table 2 and the corresponding numbers in 
our original Table 2 (1984).” 


2The labeling and scale multiplication errors noted 
in our discussion of Table 1 in our 1984 paper did not 
affect the estimates of Sub,(¢, #)100 reported, nor 
did the typographical errors noted in fn. 1 in this paper. 
SAS is used to perform the estimation. Some of the 
discrepancy between the estimates reported in this paper 
and the estimates reported in our previous papers is due 
to revisions in the SAS computer code. 
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ERRATUM 


~ 


New Estimates of the Value of Federal Mineral Rights and Land 


By MICHAEL J. BOSKIN, Marc S. ROBINSON, 
TERRANCE O’REILLY, AND PRAVEEN KUMAR* 


In our paper, published in this Review, 
December 1985, Table 8 (p. 934) was printed 
with an incorrect heading stating the num- 
bers in the tabulation were for “(Millions of 
Acres)”: The correct heading is Thousand of 
Acres. This does not affect any other num- 
bers in the paper; the calculations were done 


properly. 


*Boskin: Professor of Economics, Stanford Univer- 
sity, Stanford, CA 94305 and Research Associate, 
National Bureau of Economic Research; Robinson: As- 
sistant Professor of Economics, University of Cali- 
fornia-Los Angeles, Los Angeles, CA 90024; O'Reilly 
and Kumar: graduate students, Economics Department, 
Stanford University. 
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Preliminary Announcement of the Program 


ANNUAL MEETING . 
THE AMERICAN ECONOMIC ASSOCIATION 


New Orleans, Louisiana, December 27—30, 1986 


Saturday, December 27, 1986 
10:00 A.M. EXECUTIVE COMMITTEE MEETING 
Sunday, December 28, 1986 


8:00 A.M. U.S. PRODUCTIVITY GROWTH: RESEARCH RESULTS FROM THE BUREAU OF LABOR STATISTICS 
Presiding: JEROME A. Mark, U.S. Bureau of Labor Statistics 
Papers: WituiaM H. WALDORF, State University of New York-Binghamton, KENT KUNZE, 
Larry ROSENBLUM, U.S. Bureau of Labor Statistics, AND MICHAEL TANNEN, University of 
the District of Columbia 
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WILLIAM GULLICKSON AND MICHAEL HARPER, U.S. Bureau of Labor Statistics 
The Effects of Technology— Intensive Inputs on Productivity in Manufacturing Industriés 
LEO SVEIKAUSKAS, U.S. Bureau of Labor Statistics 
Research and Development and Productivity Growth 
Discussants: JACOB MINCER, Columbia University 
M. IsHaQ Napiri, New York University 


8:00 A.M. THE ECONOMICS OF SCIENCE 
Presiding: ARTHUR M. DIAMOND, JR., Ohio State University 
Papers; SHARON G. LEVIN, University of Missouri-St. Louis, AND PAULA E. STEPHAN, Georgia State 
University 
Obsolescence and Scientific Productivity 
ARTHUR M. DIAMOND, JR., Ohio State University 
The Determinants of a Scientist’s Choice of Research Project 
SUSAN FEIGENBAUM, DAVID LEVY, AND GORDON TULLOCK, George Mason University 
The Economics of Econometric Research ; 
Discussants: JOHN M. MCDOWELL, Arizona State University 
MARIANNE A. FERBER, University of Illinois 
W. Lee HANSEN, University of Wisconsin-Madison 


8:00 A.M. LONG-RUN ECONOMIC GROWTH: WHAT HAVE WE LEARNED? 
Presiding: (TO BE ANNOUNCED) 
Papers: DALE JORGENSON, Harvard University 
Technological Change and Economic Growth: An Evaluation of Recent Evidence 
W. ERwin Diewert, University of British Columbia, AND CATHY MORRISON, Tufts University 
Total Factor Productivity in the United States, Japan, and Canada: New Measures and Estimates 
MICHAEL J. BOSKIN, Stanford University 
Taxation and Capital Formation: Lessons from the 1980s 
Discussants: LAWRENCE H, SUMMERS, Harvard University 
MARTIN N. BaILy, The Brookings Institution 
PauL Davin, Stanford University 


8:00 A.M. WHAT FUTURE FOR MONETARISM? (A Roundtable) 
Presiding: ALLAN H. MELTZER, Carnegie-Mellon University 
Panel; KARL BRUNNER, University of Rochester 
ROBERT J. GORDON, Northwestern University 
BENNETT MCCALLuM, Carnegie-Mellon University 
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8:00 A.M. AGING AND EMPLOYMENT 
Presiding: ROBERT L, CLARK, North Carolina State University-Raleigh 
Papers: MARJORIE HONIG AND CORDELIA W. REIMERS, Hunter College 
Movers and Stayers Among the Elderly: Partial Retirement, Full Retirement, and Full-Time 
Work . 
DONALD O. Parsons, Ohio State University 
Industrial Differences in the Employment of the Aged 
RANDALL O. FILER, Hunter College, AND PETER A. PETRI, Brandeis University 
A Job-Characteristic Theory of Retirement 
Discussants; RICHARD V. BURKHAUSER, Vanderbilt University 
ROBERT M. HUTCHENS, Cornell University 
JOSEPH F. QUINN, Boston College 


’ 


8:00 A.M. SOCIAL AND ECONOMIC CONSEQUENCES OF THE INDUSTRIAL REVOLUTION 
Presiding: ROBERT W. FOGEL, University of Chicago 
Papers: GEORGE Boyer, Cornell University 
Malthus Was Right After All 
CLAYNE Pope, Brigham Young University 
Mortality Cycles in Nineteenth-Century America 
JEFFREY G. WILLIAMSON, Harvard University 
Social and Economic Consequences of the Industrial Revolution 
Discussants: ROBERT W. FOGEL, University of Chicago 
MICHAEL Haines, Wayne State University 


8:00 a.M. ECONOMIC AND ETHICAL ISSUES IN ISLAMIC THOUGHT (Joint Session with the Association for Compara- 
tive Economic Studies) 
Presiding: EBRAHIM HARRAF, Embry-Riddle University 
Papers: TIMUR KURAN, University of Southern California 
The Notion of Economic Justice in Contemporary Islamic Thought 
STEVEN L. FLINT, University of Texas-Austin 
Risk and Insurance in the Islamic Framework 
L. DWIGHT IsRAELSON, Utah State University, AND RaDI EL-Bpour, Yarmouk University, Jordan 
An Economic Analysis of Islamic Interest-Free Banking 
Discussants: FREDERIC L. Pryor, Swarthmore College 
NADEEM U. Haque, World Bank 


8:00 A.M. ANALYZING HEALTH OUTCOMES (Joint Session with the Health Economics Research Organization) 
Presiding: WARREN GREENBERG, George Washington University 
Papers: JOSEPH LIPSCOMB, JR., Duke University 
Human Capital, Willingness to Pay, and Cost-Effectiveness Analyses of Screening for Birth 
Defects 
RoBERT Woopwarp, Washington University 
Cost Outcome Analysis of the Use of Intensive Care Units for Critically Ili Patients 
MICHAEL GROSSMAN, City University of New York and National Bureau of Economic Research, 
AND THEODORE Joyce, Iona College and National Bureau of Economic Research 
Impact of Abortion on the Distribution of Birth Weight in New York City 
Discussants: STUART SCHWEITZER, University of California-Los Angeles 
BARBARA WOLFE, University of Wisconsin-Madison 
HARRIET Orcutt DULEEP, U.S. Commission on Civil Rights 


8:00 a.M. THE HISPANIC ECONOMY IN THE UNITED STATES (Joint Session with the Hispanic Professors of 
Economics and Business) 
Presiding: JORGE SALAZAR-CARRILLO, Florida International University and The Brookings Institution 
Papers: GEORGE Boras, University of California-Santa Barbara 
Hispanics in the Labor Market: A Comparison in the 1970 and 1980 Census Cross Section 
ANTONIO JORGE, RAUL MONCARZ, IRMA TIRADO DE ALONSO, Florida International University, AND 
JORGE SALAZAR-CaRRILLO, Florida International University and The Brookings Institution 
The Migrant as a Businessman: The Impact of Hispanics on the Receiving South Florida 
Economy 
FRANCISCO RIVERA-BATIZ, University of Pennsylvania 
Shift in Labor Migration Patterns Between Puerto Rico and the United States: 1945 to 1985 
GILBERT CARDENAS, Pan American University 
The Economic Implications of Immigration Policy on Mexicans 
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Discussants: Luts Locay, State University of New York-Stony Brook 
MARTA TIENDA, University of Wisconsin-Madison 
ROGER BETANCOURT, University of Maryland 


8:00 A.M. CONFLICT AND Peace Economics I: FACTOR ANALYSIS AND INTERNATIONAL SECURITY (Joint Session 
with the Peace Science Society International) 
Presiding: (TO BE ANNOUNCED) 
Papers: MURRAY WOLFSON, Oregon State University 
Factor Analysis and the Dynamics of Arms Races 
MARTIN McGuire, University of Maryland 
International Security, Factor Mobility, and Trade Control : 


8:00 A.M. POVERTY POLICY AND THE ECONOMICS OF POVERTY 
Presiding: Victor Fucus, Stanford University 
Papers: ROBERT K. HAVEMAN, University of Wisconsin-Madison 
The Evolution of Applied Economics: Legacies of the War on Poverty 
TIMOTHY M. SMEEDING, University of Utah, AND BARBARA B. Torrey, U.S. Bureau of the Census 
Comparative Analyses of Economic Well-Being and Poverty: Lessons from the Luxembourg 
Income Study 
IsABEL SAWHILL, Urban Institute 
Conceptualizing and Measuring the Underclass 
Discussants: HENRY AARON, University of Maryland and The Brookings. Institution 
EUGENE SMOLENSKY, University of Wisconsin-Madison 


10:15 A.M. . STABILIZATION AND ECONOMIC GROWTH IN DEVELOPING COUNTRIES 
Presiding: ANNE O. KRUEGER, World Bank 
Papers: MOHSIN A. KHan, World Bank 
Stabilization and Economic Growth in Developing csiis: Some Policy Aspects 
WILLEM H. Buiter, Yale University and National Bureau of Economic Research 
Analytical Aspects of Stabilization and Structural Adjustment i in Developing Countries 
Discussants: JACOB A. FRENKEL, University of Chicago 
MORRIS GOLDSTEIN, International Monetary Fund 


10:15 A.M. LESSONS FROM HEALTH ECONOMICS 
Presiding: Victor R. Fucus, Stanford University 
Papers: MARK V. PAULY, University of Pennsylvania 
Nonprofit Firms in Medical Markets 
Victor R. Fucus, Stanford University, AND RICHARD ZECKHAUSER, Harvard University 
Valuing Health and Other “Priceless” Commodities 
JoserH P. NEWHOUSE, Rand Corporation 
Econometrics in Health Economics 
Discussants: BURTON WEISBROD, University of Wisconsin-Madison 
CHARLES E. PHELPS, University of Rochester 
Rocer D. FELDMAN, University of Minnesota 


10:15 A.M. PHILOSOPHY AND ECONOMICS 
Presiding: Hat R. VARIAN, University of Michigan 
Papers: DANIEL M. HAUSMAN, Carnegie-Mellon University 
Philosophy and Economics 
MICHAEL S. MCPHERSON, Williams College and The Brookings Institution 
Economics and Philosophy 
Discussants: (TO BE ANNOUNCED) 


10:15 A.M. MULTIPLE EQUILIBRIA IN MACROECONOMICS 
Presiding: COSTAS AZARIADIS, University of Pennsylvania 
Papers: PETER A. DIAMOND, Massachusetts Institute of Technology 
Multiple Equilibria in Credit Markets 
ROBERT J. SHILLER, Yale University 
Ultimate Sources of Aggregate Variability 
MICHAEL WooprForD, University of Chicago 
Self-Fulfilling Expectations and Business Cycles 
Discussants: BEN S. BERNANKE, Princeton University 
Douctas W. DIAMOND, University òf Chicago 
Rosert E. Lucas, JR., University of Chicago 
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10:15 A.M. REGULATORY REFORM IN TRANSPORTATION 
Presiding: PAUL W. MacAvoy, University of Rochester 
Papers: JAMES M. MACDONALD, U.S. Department of Agriculture 
Railroad Deregulation: Analyses of the Effects on Grain Transportation 
Nancy L. Rose, Massachusetts Institute of Technology 
Union Wage Gains Under Regulation: Evidence from the Trucking Industry 
KENNETH J. BUTTON, Loughborough University, England 
The Impact of Transport Regulatory Reform in the United Kingdom 
Discussants: PAUL W. MaCAvoy, University of Rochester 
Panto T. SPILLER, Hoover Institution 


10:15 A.M. FINANCE AND ECONOMICS f 
Presiding: MYRON S. SCHOLES, Stanford University 
Papers: STEPHEN A. Ross, Yale University 
The Interrelations of Finance and Economics: Theoretical Perspectives 
MICHAEL R. GIBBONS, Stanford University 
The Interrelations of Finance and Economics: Empirical Perspectives 
Discussants: WILLIAM BROCK, University of Wisconsin-Madison 
Myron S, SCHOLES, Stanford University 
LAWRENCE H. SUMMERS, Harvard University 


10:15 A.M. MULTINATIONALS AND TRADE IN SERVICES 
Presiding: CHARLES P. KINDLEBERGER, Massachusetts Institute of Technology 
Papers: ALAN M. RuGMaN, Dalhousie University 
A Transaction Cost Approach to Trade in Services 
HERBERT G. GRUBEL, Simon Fraser University 
Trade in Services and the Multinational Enterprise 
IRVING B. Kravis, University of Pennsylvania, AND ROBERT A. Lipsey, National Bureau of 
Economic Research and Queens College 
Production and Trade in Services by U.S. Multinationals 
Discussants: RAYMOND VERNON, Harvard University 
JAMES A. BRANDER, University of British Columbia 
JAMES R. MARKUSEN, University of Western Ontario 


10:15 A.M. ANTHROPOLOGY AND ECONOMICS 
Presiding: GEORGE AKERLOF, University of California-Berkeley 
Papers: Luts Locay, State University of New York-Stony Brook 
Fertility and Population Equilibrium in Primitive Economies 
ROBERT TOWNSEND, University of Chicago 
Contract Theory and the Medieval Manor: An Analysis of “ Primitive” Economies 
Discussants: DONALD N. MCCLOSKEY, University of Iowa 
FREDERIC L., Pryor, Swarthmore College 
DANIEL Gross, Hunter College 


10:15 A.M. WOMEN IN COMPARATIVE PERSPECTIVE (Joint Session with the Association for Comparative Economic 
Studies) 
Presiding: FRANCINE BLAU, University of Illinois-Urbana 
Papers: ELIZABETH CLAYTON, University of Missouri-St. Louis 
Age-Earnings Profiles of Women in the USSR 
ROBERT GREGORY, Australian National University 
Introducing Equal Pay and Comparable Worth: Implications and Consequences in Three 
Countries 
LYNN TURGEON, Hofstra University 
The Effects of the New Economic Mechanism on the Relative Position of Hungarian Women 
ALENA HEITLINGER, Trent University 
Variations in Population Policies: East-West Comparisons 
PENELOPE PRIME, Emory University 
A Comparison of Female Employment Patterns in Chinese Development Strategies: The Cases of 
Taiwan and Jiangsu Province 
Discussants: PAUL GREGORY, University of Houston 
MARIANNE A, FERBER, University of Illinois-Urbana 
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10:15 A.M. ODE GRADUATE STUDENT PAPER SESSION (Joint Session with Omicron Delta Epsilon) 
Presiding: ALEX J. KONDONASSIS, University of Oklahoma 
Papers: (TO BE ANNOUNCED) 


10:15 A.M. DEVELOPMENT ECONOMISTS Look aT U.S. PoLicy (Joint Session with the Society for Policy Modeling) 
Presiding: IRMA ADELMAN, University of California-Berkeley 
Papers: BELA BALassA, World Bank and Johns Hopkins University 
U.S. Trade Strategy 
STANLEY LAWSON, St. John’s University, AND BARRY HERMAN, United Nations 
Does the United States Have a Foreign Debt Problem? 
SHERMAN ROBINSON, University of California-Berkeley 
Techniques of Policy Analysis 
Discussants: GEORGE FEIWEL, University of Tennessee-Knoxville 
BRIAN WRIGHT, University of California-Berkeley 
ALBERT FISHLOW, University of California-Berkeley 


12:30 P.M. AEA/AFA JOINT LUNCHEON 
Presiding: GARY S. BECKER, University of Chicago 
Speaker: GEORGE J. STIGLER, University of Chicago 


2:30 P.M. WHITHER TAX REFORM? 
Presiding: JOSEPH PECHMAN, The Brookings Institution 
Panel: HENRY J. AARON, The Brookings Institution 
MICHAEL J. BOSKIN, Stanford University 
JAMES M. POTERBA, Massachusetts Institute of Technology 
JoeL B. SLEMROD, University of Minnesota 


2:30 P.M. IN SEARCH OF HISTORICAL ECONOMIES: MARKET BEHAVIOR IN PAST TIMES 
Presiding: DouGLass C. NorTH, Washington University-St. Louis 
Papers: DONALD N. MCCLOSKEY, University of Iowa and University of York 
The Economy of Village Agriculthre in the Middle Ages 
Davip W. GALENSON, University of Chicago 
Market Behavior in Colonial America 
Lance E. Davis, California Institute of Technology 
Government Policy, Profit Opportunities, and Economic Reality: The Political Economy of the 
British Raj 
James J. HECKMAN, University of Chicago 
Racial Discrimination and Industrialization: South Carolina, 1910-70 
Discussants: THEODORE W. SCHULTZ, University of Chicago 
Douc.ass C. NortH, Washington University-St. Louis 


2:30 P.M. Do PEOPLE BEHAVE RATIONALLY? 
Presiding: ROBERT H. FRANK, Cornell University 
Papers: HAL R. VARIAN, University of Michigan 
Testing for Rational Choice 
ROBERT H. FRANK, Cornell University 
The Strategic Role of the Emotions 
GORDON WINSTON, Williams College 
How Rational is it Rational to Be? The Timing of its Payoffs and the Role of Time Preferences 
LAURENCE R. IANNACCONE, University of Santa Clara 
An Economic Model of Religious Participation 
Discussants: GARY S. BECKER, University of Chicago 
GEORGE A. AKERLOF, University of California-Berkeley 


2:30 P.M. THE FAMILY 
Presiding: WARREN SANDERSON, State University of New York-Stony Brook 
Paper: ROBERT WILLIS, University of Chicago 
What Have We Learned from the Economics of the Family? 
Discussants: KENNETH WOLPIN, Ohio State University 
ROBERT POLLAK, University of Pennsylvania 
T. PAUL SCHULTZ, Yale University 
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2:30 P.M. ANALYSIS OF POVERTY IN DEVELOPING COUNTRIES 
Presiding: ROBERT E. EVENSON, Yale University 
Papers: GIAN S. SAHOTA, Vanderbilt University 
A General Theory of Poverty and Income Distribution and Applications 
SHERWIN ROSEN, University of Chicago 
Family Structure and Poverty in Panama 
Discussants: IRMA ADELMAN, University of California-Berkeley 
Gary S. FIELDS, Cornell University 
CLIVE BELL, Johns Hopkins University 


2:30 P.M. ECONOMICS AND POLITICS 
Presiding: GEORGE J. STIGLER, University of Chicago 
Papers: SAM PELTZMAN, University of Chicago 
Economic Conditions and Gubernatorial Elections 
Tuomas ROMER AND HOWARD ROSENTHAL, Carnegie-Mellon University 
Agenda Control and Public Finance 
JOHN FEREJOHN, Hoover Institution 
The Theory of Legislative Bargaining 
Discussants: ASSAR LINDBECK, Institute for International Economic Studies, Stockholm 
JAMES SNYDER, University of Chicago 


2:30 P.M. REDISTRIBUTIONAL ASPECTS OF CONSTITUTIONAL REFORMS IN THE MONETARY SYSTEM (Joint Session 
with the Association for the Study of the Grants Economy) 
Presiding: KENNETH E. BOULDING, University of Colorado-Boulder 
Papers: JoHN H. Hotson, University of Waterloo 
The Case for Financial Reform: Or, Was Irving Fisher Right After All? 
Martin H. WOLESON, Board of Governors of the Federal Reserve System 
Institutional Change and the Financial System 
MARVIN S. GOODFRIEND, Federal Reserve Bank of Richmond 
Distributional Aspects of Monetary Policy 
Discussants: GORDON TULLOCK, George Mason University 
RICHARD D. BARTEL, Challenge Magazine 
Tuomas F. WILsonN, American Fletcher National Bank 


2:30 P.M. PRICE VARIABILITY IN NATURAL RESOURCE MARKETS: CAUSES AND CONSEQUENCES (Joint Session with 
the Association of Environmental and Resource Economics) 
Presiding: ERNST BERNDT, Massachusetts Institute of Technology 
Papers: JAMES SWEENEY, Stanford University 
Price Instability in Natural Resource Markets 
ROBERT PINDYCK, Massachusetts Institute of Technology, AND SAMAN Masp, University of 
Pennsylvania 
Modularity, Learning and Sequential Investment in Natural Resources 
WILLIAM HOGAN AND PAUL LEIBY, Harvard University 
Oil Market Risk Analysis 
Discussants: (TO BE ANNOUNCED) 


2:30 P.M. CONFLICT AND PEACE Economics II: PANEL ON MILITARY EXPENDITURES AND NATIONAL SECURITY 
(Joint Session with the Peace Science Society International) 
Presiding: (TO BE ANNOUNCED) 
Panel: MANCUR OLSON, University of Maryland 
MARTIN J. BAILEY, U.S. Department of State 
Barry NALEBUFF, Princeton University 
WALTER ISARD, Cornell University 


2:30 p.M. How Do IMMIGRANTS Do IN THE U.S. LABOR MARKET? 
Presiding: Finis WELCH, University of California-Los Angeles 
Papers: GEORGE J. Bonas, University of California-Santa Barbara 
The Earnings of Immigrants: Perspectives in Recent Research 
Barry R. CHISWICK, University of Illinois-Chicago 
Further Thoughts on the Labor Market Adjustment of Immigrants 
Discussants: CORDELIA REIMERS, Hunter College 
ROBERT TOPEL, University of California-Los Angeles 
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2:30 P.M. CONTINUING BLACK POVERTY (Joint Session with the National Economic Association) 
Presiding: DaviD H. SWINTON, Clark College 
Papers: SHELDON DANZINGER, University of Wisconsin, AND PETER GOTTSHALK, Bowdoin College 
Earnings Inequaltiy and Poverty, 1970 to 1979 
WILLIAM WILSON, University of Chicago 
Joblessness and Poverty 
WILLIAM A. Darity, JR., University of North Carolina-Chapel Hill, AND SAMUEL MYERS, JR., 
University of Pittsburgh 
Do Transfer Payments Keep the Poor in Poverty? 
Davip H. SWINTON, Clark College 
Economic Theory and Poverty 
Discussant: BARBARA A, P. Jones, Clark College 


8:00 P.M. RICHARD T. ELy LECTURE 
Presiding: GARY S. BECKER, University of Chicago 
Paper: JUDGE RICHARD A. POSNER, United States Court of Appeals for the Seventh District 
The Law and Economics Movement 


Monday, December 29, 1986 


8:00 A.M. STUDIES OF THE CHINESE ECONOMY 
Presiding: NICHOLAS R. LARDY, University of Washington 
Papers: BARRY J. NAUGHTON, University of Oregon 
Real Urban Income in China: Prices and Rations 
CHRISTINE WONG, Mount Holyoke College 
Maoism and Development: Rural Industrialization and Intersectoral Resource Flows During the 
Cultural Revolution Decade 
Discussants: JOHN FEI, Yale University 
Tuomas P. Lyons, Dartmouth College 
TERRY SICULAR, Stanford University 


8:00 A.M. EDUCATION AND ECONOMICS 
Presiding: ROBERT T. MICHAEL, University of Chicago 
Papers: JAMES S. COLEMAN, University of Chicago 
Social Capital in the Creation of Human Capital 
JERE BEHRMAN, ROBERT POLLAK, AND PAUL J. TAUBMAN, University of Pennsylvania 
Inter- and Intra-Generational Determinants of Education 
Discussants; RICHARD J. MURNANE, Harvard University 
JOHN M. McDowWELL, Arizona State University 


8:00 A.M. CONTRIBUTED PAPERS ON INDUSTRIAL ORGANIZATION: THEORETICAL 
Presiding: STEVEN C. SALOP, Georgetown University 
Papers: MARK BAGNOLI, University of Michigan 
Noncollusive Incentives to Form Trade Associations 
FRANKLIN ALLEN AND GERALD R. FAULHABER, University of Pennsylvania 
Reputation and Quality Noise 
Lewis T. Evans, Victoria University of Wellington, New Zealand, AND STEVEN G. GARBER, 
Carnegie-Mellon University 
A Theory of Constraints that Benefit Rational Public-Utility Regulators 
Discussants: CARL SHAPIRO, Princeton University 
MICHAEL D. WHINSTON, Harvard University 


8:00 A.M. BOUNDED RATIONALITY AND COOPERATION 
Presiding: THEODORE GROVES, University of California-San Diego 
Papers: AVRAM NYMAN, Hebrew University and State University of New York-Stony Brook 
Bounded Rationality and Cooperation 
SYLVAIN SoRAIN, University of Strasbourg, France, AND ROBERT AUMANN, Math Science Research 
Institute 
Bounded Rationality and Cooperation 
Discussants: ERIC MASKIN, Harvard University 
C. BARTLETT McGuire, University of California-Berkeley 
JOHN RoBERTS, Stanford University 
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8:00 A.M. EMPIRICAL STUDIES IN BANKING AND CREDIT 
Presiding: PAUL WACHTEL, New York University 
Papers: ARIE MELNIK, Haifa University, Israel, GEORGE SOFIANOS, AND PAUL WACHTEL, New York 
University 
Credit Lines and the Transmission of Monetary Policy 
JosepH G. HAUBRICK, University of Pennsylvania 
Money Supply, Bank Failures and Credit Crunches: Lesson from the Great Depression in Canada - 
ERNST JUERG WEBER, California State University-Northridge 
Parallel Currencies in Switzerland, 1826-50 
Discussants: STEPHEN KING, Stanford University and Federal Reserve Bank of New York 
EUGENE WHITE, Rutgers University 
WARREN WEBER, Federal Reserve Bank of Minneapolis 


8:00 A.M. DYNAMIC MODELS OF TAXATION 
Presiding: DAviD F. BRADFORD, Princeton University 
Papers: KENNETH L. Jupp, Northwestern University 
A Dynamic Theory of Factor Taxation 
LAURENCE J. KOTLIKOFF, Boston University, AND ALAN J. AUERBACH, University of Pennsylvania 
Evaluating Fiscal Policy with a Dynamic Simulation Model 
Discussants: JOHN B. SHOVEN, Stanford University 
James M. POTERBA, Massachusetts Institute of Technology 
B. DOUGLAS BERNHEIM, Stanford University 


8:00 A.M. RULES VS. DISCRETION IN MACROECONOMIC POLICY 
Presiding: BENNETT T. MCCALLUM, Carnegie-Mellon University 
Papers: ALBERTO ALESINA, Carnegie-Mellon University 
Rules, Discretion and Political Cycles 
KENNETH S. RoGorF, University of Wisconsin-Madison 
Policy Credibility in a Multi-Sovereign Environment 
ROBERT STAIGER, Stanford University, AND GUIDO TABELLINI, University of California-Los Angeles 
On the Time-Consistency of Optimal Redistributive Fiscal Policies 
Discussants: EDWARD GREEN, University of Pittsburgh 
ROBERT J. BARRO, University of Rochester 
N. GREGORY MANKIW, Harvard University 


8:00 A.M. A SURVEY OF HOUSING ECONOMICS (Joint Session with the American Real Estate and Urban Economic 
Association) . 
Presiding: JOHN C. WEICHER, American Enterprise Institute 
Papers: RICHARD F. Mutu, Emory University 
Housing Market Dynamics 
RICHARD J. ARNOTT, Queens University 
Recent Theoretical Developments in the Microeconomics of Housing 
EDGAR O. OLSEN, University of Virginia 
The Demand and Supply of Housing Services: A Critical Survey of the Empirical Literature 
Discussants: JOHN M. QUIGLEY, University of California-Berkeley 
WILLIAM C. WHEATON, Massachusetts Institute of Technology 
GEORGE F. TOLLEY, University of Chicago 


8:00 A.M. LONG-RUN INDUSTRIALIZATION: SELECTED ASIAN ECONOMIES (Joint Session with the Committee on 
Asian Economic Studies) 
Presiding: RICHARD KOSOBUD, University of Illinois-Chicago 
Papers: RICHARD HOOLEY, University of Pittsburgh 
Industrial Productivity Growth in Southeast Asia 
CHARLES PEARSON AND JAMES RIEDEL, Johns Hopkins University 
Exchange Rate Protection: Case Study of Japan 
MANORANJAN DUTTA, Rutgers University 
Long-Run Industrialization of Selected Asian Economies: Impact on Structural Changes 
Discussants: ROMEO M. Bautista, International Food Research Institute and University of the 
Philippines, Manila 
AKIRA TAKAYAMA, Southern Illinois University 
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8:00 A.M. ODE CHAPTER ADVISERS AND REGIONAL DIRECTORS SESSION (Joint Session with Omicron Delta 
Epsilon) 
Presiding: G. RANDOLPH RICE, Louisiana State University 
Papers: (TO BE ANNOUNCED) 


10:15 A.M. ROUNDTABLE ON TEACHING UNDERGRADUATE COURSES IN QUANTITATIVE METHODS 
Presiding: W. LEE HANSEN, University of Wisconsin-Madison 
Papers: GLEN G. CAIN, University of Wisconsin-Madison 
The Centrality of Economics in Teaching Quantitative Methods in Economics 
WILLIAM E, BECKER, JR., Indiana University 
Teaching Quantitative Methods to Undergraduate Economics Students 
Vaya G. DUGGAL, Widener University 
Coping With the Diversity of Student Aptitudes and Interests in Quantitative Methods Courses 


10:15 A.M. REFORMING THE INTERNATIONAL MONETARY SYSTEM 
Presiding: JACQUES I. POLAK, International Monetary Fund 
Papers: PETER B. KENEN, Princeton University 
Exchange Rate Management: What Role for Intervention? 
JOHN WILLIAMSON, Institute for International Economics 
Exchange Rate Management: The Role of Target Zones 
JACOB A. FRENKEL, University of Chicago 
The International Monetary System in Need for Repair: Will Fix Exchange Rates Do the Job? 
Discussants: ALLAN H. MELTZER, Carnegie-Mellon University 
MAURICE OBSTFELD, Columbia University 


10:15 A.M. THE ECONOMIC ANALYSIS OF TAXPAYER COMPLIANCE 
Presiding: JAMES M. POTERBA, Massachusetts Institute of Technology 
Papers: SUZANNE SCOTCHMER, University of California-Berkeley 
Equity and Tax Enforcement 
JAMES M. POTERBA, Massachusetts Institute of Technology 
Tax Evasion and Effective Tax Rates 
JEFFREY A. DUBIN, Louis L. WILDE, California Institute of Technology, AND MICHAEL GRAETZ, 
Yale Law School 
New Econometric Evidence on the Determinants of Taxpayer Compliance 
Discussants: JENNIFER F. REINGANUM, California Institute of Technology 
JAMES HINES, Princeton University 
JoEL B. SLEMROD, University of Minnesota 


10:15 A.M. CRIME, PUNISHMENT, AND THE BUSINESS CYCLE 
Presiding: SAMUEL L. MYERS, JR., University of Pennsylvania 
Papers: RICHARD FREEMAN, Harvard University 
Joblessness and Crime Among Inner-City Youth: Analysis of the NBER Survey of Inner-City 
Youth 
Dario MELosst, University of California-Santa Barbara 
Political Business Cycle and Imprisonment Rates: The Case of Italy, 1896-1965 
SAMUEL L. MYERS, JR. AND WILLIAM SABOL, University of Pennsylvania 
Racial Differences in Incarceration and the Business Cycle 
HAROLD L. VoTEY, JR. AND LLAD PHILLIPS, University of California-Santa Barbara 
Economic Opportunity, Family Support, and Crimes by Youth 
Discussants: RICHARD M. MCGAHEY, New York University 
LLAD PHILLIPS, University of California-Santa Barbara 


10:15 AM. THE INTERNATIONAL DEBT CRISIS 
Presiding: THOMAS P. WILLETT, Claremont Graduate School and Claremont Men’s College 
Papers: ANNE O. KRUEGER, World Bank 
Debt, Capital Flows, and LDC Growth 
STANLEY FISCHER, Massachusetts Institute of Technology 
Resolving the International Debt and Growth Crisis 
H. ROBERT HELLER, Bank of America 
The Debt Crisis and the Future of International Bank Lending 
Discussants: MANUEL GUITIAN, International Monetary Fund 
ARMEANE CHOKSI, World Bank 
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10:15 A.M. NEW ADVANCES IN INPUT-OUTPUT ANALYSIS: SESSION IN HONOR OF WASSILY LEONTIEF 
Presiding: ANNE CARTER, Brandeis University 
Papers: LAWRENCE KLEIN, University of Pennsylvania 
Econometric Aspects of Input-Output Analysis 
KAREN R. POLENSKE, Massachusetts Institute of Technology 
New Perspectives on Input-Output Analysis: A Cross-Country Comparison 
Faye Ducuin, New York University 
Closure of a Dynamic Input-Output Model to Investment and Consumption 
ADAM Rose, West Virginia University 
Input-Output Analysis of Income Distribution 
Discussants: CLOPPER ALMON, JR., University of Maryland 
SHERMAN RoBINSON, University of California-Berkeley 


10:15 A.M. SYMPOSIUM ON THE FUTURE OF U.S. ANTITRUST POLICY 
Presiding: RICHARD L. SCHMALENSEE, Massachusetts Institute of Technology 
Panel: RICHARD A. POSNER, Seventh Circuit Court of Appeals and University of Chicago 
DonaLp F. Turner, Kirkland & Ellis 
STEVEN C. SALOP, Georgetown University 
LAWRENCE J. WHITE, New York University 


10:15 A.M. THE CONTRIBUTION OF KEYNES AFTER 50 YEARS 
Presiding: ROBERT J. GORDON, Northwestern University 
Papers: WILLEM BUITER, Yale University 
Market Failure, Political Failure, and Stabilization Policy 
ALAN BLINDER, Princeton University 
Keynes After Lucas 
GEORGE AKERLOF AND JANET YELLEN, University of California-Berkeley 
Rational Models of “Irrational” Behavior 
Discussants: BENNETT T. MCCaLLUM, Carnegie-Mellon University 
Rosert J. Barro, University of Rochester 
Rosert E. Lucas, JR., University of Chicago 


10:15 A.M, ECONOMISTS View ON GRANTS ECONOMICS: A CONVERGENCE HYPOTHESIS? (Joint Session with the 
Association for the Study of the Grants Economy) 
Presiding: ABRAM BERGSON, Harvard University 
Paper: ALAN A. BROWN, University of Windsor, Janos Horvata, Butler University, AND EGON 
NEUBERGER, State University of New York-Stony Brook 
Grants Economics: Theory and Applications 
Roundtable Discussion: ABRAM BERGSON, Harvard University 
KENNETH E. BOULDING, University of Colorado-Boulder 
JOSEPH A. PECHMAN, The Brookings Institution 
ROBERT M. SOLow, Massachusetts Institute of Technology 
Murray L. WEIDENBAUM, Washington University 
Burton A. WEISBROD, University of Wisconsin-Madison 


10:15 A.M. ANALYSES OF THE IMPACTS OF PROSPECTIVE PAYMENTS SYSTEMS (Joint Session with the Health 
Economics Research Organization) 
Presiding: DONALD E. YETT, University of Southern California 
Papers: JUDITH FEDER, JACK HADLEY, Georgetown University, AND STEPHEN ZUCKERMAN, Urban 
Institute 
Selected Analyses of PPS’s Impact on Hospital Behavior 
WILLIAM CUSTER, JAMES MOSER, ROBERT MUSACCHIO, AND RICHARD WILLKE, American Medical 
Association 
Impact of Medicare’s Prospective Payment System on Hospital Attributes, Performance, and 
Quality of Care 
FRANK SLOAN, Vanderbilt University, MICHAEL Morrisey, University of Alabama-Birmingham, 
AND JOSEPH VALVoNA, Vanderbilt University 
Hospital Case Mix Variation in Response to Medicare Prospective Payment 
Discussants: RICHARD ARNOULD, University of Illinois 
STUART GUTERMAN, Health Care Financing Administration 
RONALD VoGEL, University of Arizona 
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10:15 A.M. ECONOMETRIC RESEARCH AND THE DEVELOPMENT OF ECONOMIC ANALYSIS (Joint Session with the 
History of Economics Society) 
Presiding: A. W. Coats, Duke University and University of Nottingham, England 
Papers: NANCY WuLwIcK, Le Moyne College 
The Bewitching Phillips Curve 
Basi, Moore, Wesleyan College 
An Historical Perspective to the Econometrics of Money and Income 
INGRID Rima, Temple University 
Econometric Research and Changing Perspectives of Unemployment 
Discussants: JOHN SMITHIN, York University 
WILLIAM BurTos, Trinity College 
CORNELIS Los, Federal Reserve Bank of New York - 


10:15 A.M. THE ECONOMICS OF DISCRIMINATION THIRTY YEARS LATER 
Presiding: ORLEY C. ASHENFELTER, Princeton University 
Papers: THoMAS D'AMICO, St. Peter’s College 
Economic Theories of Discrimination 
FRANCINE D. BLAU AND MARIANNE A. FERBER, University of Illinois-Urbana 
Discrimination: Empirical Evidence from the United States 
ORLEY C. ASHENFELTER, Princeton University, AND RONALD L. Oaxaca, University of Arizona 
Discrimination: Empirical Evidence from Abroad 
Discussants: GARY S. BECKER, University of Chicago 
IsaBEL V. SAWHILL, Urban Institute 


12:30 P.M. LUNCHEON IN HONOR OF NOBEL LAUREATE, FRANCO MODIGLIANI 
Presiding: GARY S. BECKER, University of Chicago 
Speaker: ROBERT MERTON, Massachusetts Institute of Technology 


2:30 P.M. GENDER DIFFERENCES IN BEHAVIOR AT HOME AND AT WORK 
Presiding: REBECCA BLANK, Princeton University 
Papers: WILLIAM S. CUSTER, American Medical Association, AND DENISE DIMON, University of 
San Diego ; 
The Influence of Gender in the Choice of Physicians’ Practice Mode 
Davin E. BLOOM AND SANDERS KORENMAN, Harvard University 
Gender Differences in Consumer Spending 
JANICE MADDEN, University of Pennsylvania 
Gender Differences in the Cost of Displacement 
FAITH ANDO, Jaca Corporation 
Sex Discrimination in Commercial Bank Credit 
Discussants: REBECCA BLANK, Princeton University 
JANET KOHLHASE, University of Houston 


2:30 P.M. DEVELOPMENT STUDIES OF THE INDIAN ECONOMY 
Presiding: EDWIN S. MILLS, Princeton University 
Papers: CHARLES M. BECKER, Vanderbilt University, EDWIN S. Mius, Princeton University, AND 
JEFFREY G. WILLIAMSON, Harvard University 
Forces Underlying Indian Urbanization and Economic Growth, 1960-80 
T. N. Srinivasan, Yale University 
Rural Credit Markets: Segmentation, Rationing and Spillover 
Discussants: SHERMAN ROBINSON, University of California-Berkeley 
Larry E. WESTPHAL, Swarthmore College 


2:30 P.M. GAME THEORY AND INDUSTRIAL ORGANIZATION 
Presiding: ROBERT D. WILLIG, Princeton University 
Papers: Drew D. FUDENBERG, University of California-Berkeley, AND JEAN TIROLE, Massachusetts 
Institute of Technology 
Dynamic Market Competition 
Jonn ROBERTS, Stanford University 
Informational Asymmetries and Industrial Competition 
Discussants. TIMOTHY F. BRESNAHAN, Stanford University 
RICHARD L. SCHMALENSEE, Massachusetts Institute of Technology 
RosertT D. WILLIG, Princeton University 
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2:30 P.M. BUDGET DEFICITS AND THE ECONOMY 
Presiding: PAUL MACAvoy, University of Rochester 
Panel. ROBERT J. BARRO, University of Rochester - 
MANUEL JOHNSON, Board of Governors of the Federal Reserve System 
Franco MODIGLIANI, Massachusetts Institute of Technology 
LAWRENCE H. SUMMERS, Harvard University 


2:30 P.M. THE New POLITICAL ECONOMIC HISTORY 
Presiding: THEODORE W. SCHULTZ, University of Chicago 
Papers: DOUGLASS C. NORTH AND BARRY R. WEINGAST, Washington University-St. Louis 
Political Structure and Economic Performance in’ Early Modern Europe 
PHILLIP HOFFMAN, California Institute of Technology 
The Political Obstacles to the Growth of French Agriculture in the Eighteenth Century 
JOHN J. WALLIS, University of Maryland 
The Political Economy of New Deal Fiscal Federalism 
Discussants: MANCUR OLSON, University of Maryland 
Rosert BATES, Duke University 


2:30 P.M. THE BEHAVIOR OF EXCHANGE RATES 
Presiding: JACOB A. FRENKEL, University of Chicago 
Papers: RUDIGER W. DORNBUSCH, Massachusetts Institute of Technology 
Exchange Rate Movements and Relative Prices 
MICHAEL Mussa, Council of Economic Advisers 
The Exchange Rate Regime and the Real Exchange Rate 
PETER ISARD, International Monetary Fund 
Lessons from Empirical Models of Exchange Rates 
Discussants: ROBERT J. Hoprick, Northwestern University 
ALAN C., STOCKMAN, University of Rochester 


2:30 P.M. THE MANAGERIAL LABOR MARKET (Joint Session with the Association of Managerial Economists) 
Presiding: MARK HIRSCHEY, Rice University 
Papers: GEORGE P. BAKER, Harvard University 
Compensation in Hierarchies 
ANUP AGRAWAL AND GERSHON N. MANDELKER, University of Pittsburgh 
Management Compensation and Corporate Capital Expenditures 
MICHAEL C. Jensen, Harvard University and University of Rochester, AND KEVIN J. MURPHY, 
University of Rochester 
Are Executives Underpaid? 
Discussants; EDWARD LAZEAR, University of Chicago and Hoover Institution 
SHERWIN ROSEN, University of Chicago 


2:30 p.M. THE VANISHING BLACK FAMILY (Joint Session with the National Economic Association) 
Presiding: SAMUEL L. MYERS, JR., University of Pittsburgh 
Papers: WILLIAM BRADFORD, University of Maryland 
Changing Family Structure and Wealth Among Black Families 
WituiaM Darity, JR., University of North Carolina-Chapel Hill, AND SAMUEL L. Myers, JR., 
University of Pittsburgh 
The Marginalization of Black Males and the Rise of Female-Headed Families 
GREG Duncan, University of Michigan 
Welfare and the Marriage Decision of Black Women 
Discussants: GLENN Loury, Harvard University 
ISABEL SAWHILL, Urban Institute 


2:30 P.M. INDUSTRIAL POLICIES, EXCHANGE RATES, AND PROTECTIONISM (Joint Session with the Society for Policy 
Modeling) 
Presiding: DOMINICK SALVATORE, Fordham University 
Papers: JAGDISH N. BHAGWATI, Columbia University 
Protectionism: Old Wine in New Bottles 
PAUL R. KRUGMAN, Massachusetts Institute of Technology 
Targeted Industrial Policies: Theory and Evidence 
RONALD I. McKinnon, Stanford University 
Objectives for International Negotiations for Stabilizing Exchange Rates 
Discussants: JOHN F. O. BILSON, University of Chicago 
RoBERT W. STAIGER, Stanford University: 
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2:30 P.M. 1986 DISTINGUISHED LECTURE ON ECONOMICS IN GOVERNMENT (Joint Session with the Society of 
Government Economists) 
Presiding: DouGias L. ADKINS, Adkins Associates, Inc. 
Introduction: GARY S. BECKER, University of Chicago 
Speaker: JOSEPH A. PECHMAN, The Brookings Institution 
Tax Reform: Theory and Practice . 


4:30 P.M. PRESIDENTIAL ADDRESS AND BUSINESS MEETING 
Presiding: GARY S. BECKER, University of Chicago 
Speaker: ALICE M. RIVLIN, The Brookings Institution 
Economics and the Political Process 


Tuesday, December 30, 1986 


8:00 A.M. EMPIRICAL IMPLICATION OF NONLINEAR DYNAMICS: GENERALIZED TESTS FOR WHITENESS, INDEPENDENCE, 
AND FORECAST ABILITY 
Presiding: MICHAEL ROTHSCHILD, University of California-San Diego 
Papers: WILLIAM BROCK, University of Wisconsin-Madison 
Empirical Implication of Nonlinear Dynamics: Generalized Tests for Whiteness, Independence 
and Forecast Ability 
Discussants: MICHAEL WOODFORD, University of Chicago 
Lars PETER HANSEN, University of Chicago 
CHRISTOPHER SIMMS, University of Massachusetts 


8:00 A.M. REAL BUSINESS CYCLE THEORY; WHAT DOES IT EXPLAIN? 
Presiding: CHARLES I, PLossER, University of Rochester 
Papers: MARTIN EICHENBAUM AND KENNETH J. SINGLETON, Carnegie-Mellon University 
Money and Real Business Cycles 
STEVEN DAVIS, University of Chicago 
Sectoral Shifts and Real Business Cycles 
JOHN LONG AND CHARLES I. PLOSSER, University of Rochester 
Relative Prices, Sectoral Outputs and the Business Cycle 
Discussant: ROBERT G. KING, University of Rochester 


8:00 A.M. EMERGENT MARKETS FOR COMMON PROPERTY RESOURCES 
Presiding: ALEX G. Vicas, McGill University 
Papers: ANTHONY D. Scott, University of British Columbia 
The Emergence of Marketable Fishery Licenses 
ROBERT W. HAHN AND GORDON L. HESTER, Carnegie-Mellon University 
Implementing “Radical” Ideas Incrementally: A Case Study of EPA’s Emission Trading Program 
MICHAEL E. LEVINE, University of Southern California 
Markets in Airport Landing Rights 
Harvey L. Levin, Hofstra University 
Emergent Markets for Orbit Spectrum Assignments—An Idea Whose Time Has Come 
Discussants: CLAS G. WIHLBORG, Claremont Graduate School 
SEVERIN BORENSTEIN, University of Michigan 


8:00 A.M. DETERRENCE AND ENFORCEMENT OF LAWS 
Presiding: MICHAEL K. BLOCK, U.S. Sentencing Commission 
Papers: ISAAC EHRLICH, State University of New York-Buffalo 
The Economics of Crime: Theory and Evidence 
STEVEN SHAVELL, Harvard University 
Deterrence vs. Incapacitation 
Discussants: MICHAEL K. BLOCK, U.S. Sentencing Commission 
Puiu J. CooK, Duke University 
Davip D. FRIEDMAN, Tulane University 


8:00 A.M. NEW THEORIES OF ECONOMIC GROWTH 
Presiding: M. MAJUMDAR, Cornell University 
Papers: ROBERT E. Lucas, JR., University of Chicago 
On the Mechanics of Economic Development 
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PAUL RoMER, University of Rochester 
Growth Based on Increasing Returns Due to Specialization 
Epwarp C. Prescott, University of Minnesota 
Organizational Arrangements and Growth 


8:00 A.M. RETHINKING THE THEORY OF INTERNATIONAL TRADE 
Presiding: RONALD W. Jones, University of Rochester 
Papers: WILFRED J. ETHIER, University of Pennsylvania 
Revising the Basic Trade Model 
James R. MARKUSEN, University of Western Ontario 
The New Theory of Multinational Enterprise | 
PAUL R. KRUGMAN, Massachusetts Institute of Technology 
Industrial Organization and Trade Theory: What Have We Learned? 
Discussants: JAGDISH BHAGWATI, Columbia University . 
AVINASH DIXIT, Princeton University 


8:00 A.M. MACROECONOMIC BEHAVIOR IN SELECTED ASIAN COUNTRIES: THE PEOPLE’S REPUBLIC OF CHINA, INDIA, 
AND JAPAN (Joint Session with the Committee on Asian Economic Studies) 
Presiding: LAWRENCE KLEIN, University of Pennsylvania 
Papers: James T. H. Tsao, U.S. International Trade Commission and Georgetown University 
Chinese Foreign Trade and Devaluation of the Yuan 
K. KRISHNAMURTY, P. D. SHARMA, AND H. KRISHNASWAMY, Institute of Economic Growth, Delhi, 
India i f 
Determinants of Savings Rate in India: A Quantitative Analysis 
RALPH TRYON AND R. SHAN CRAIG, Federal Reserve Board 
An Empirical Analysis of Japanese Trade in Goods and Services 
Discussants: BELA BALASSA, Johns Hopkins University and World Bank 
T. N. SRINIVASAN, Yale University 
Yuan-Li Wu, Hoover Institution and University of San Francisco 


8:00 A.M. REFLECTIONS ON THE ECONOMICS OF THE SWEDISH SCHOOL (Joint Session with the History of Economics 
Society) 
Presiding: DONALD WALKER, Indiana University of Pennsylvania 
Papers: LARS JONUNG, University of Lund, Sweden 
Why the Swedish School Failed 
~ HANS BREMS, University of Ilinois-Urbana 
(Title to be announced) 
Larry SAMUELSON, Pennsylvania State University 
The Wicksell Effect: Some Recent Treatments 
Discussants: JAMES YOHE, Duke University 
MEIR Koun, Dartmouth College 
INGRID Rima, Temple University 


8:00 a.M. THE IMPACT OF DEREGULATION ON EFFICIENCY IN ENERGY, TELECOMMUNICATIONS, AND TRANSPORT 
(Joint Session with the Transportation and Public Utilities Group) 
Presiding: FREDERICK J. BEIER, University of Minnesota 
Papers: MILTON Z. KAFOGLIS, Emory University f 
New Problems in a Deregulated Environment 
MILTON RussELL, U.S. Environmental Protection Agency 
Environmental Protection: A New Era of Regulation 
Don H. PicKRELL, EDWARD L. RAMSDELL, AND RICHARD J. Horn, U.S. Department of Transporta- 
tion-Transportation Systems Center 
Changing Structure of the Air Carrier Industry Under Deregulation 
Discussants: HARRY N, TREBING, Michigan State University 
RICHARD GritTa, University of Portland 


8:00 A.M. CONTRIBUTED PAPERS ON INDUSTRIAL ORGANIZATION: EMPIRICAL 
Presiding: LAWRENCE J. WHITE, New York University 
Papers: KEITH J. CROCKER, University of Virginia, AND Scott E. MASTEN, University of Michigan 
Unilateral Options and Contract Length in the Natural Gas Industry 
Ian H. Domow1tz, R. GLENN HUBBARD, AND BRUCE C. PETERSEN, Northwestern University 
Demand Fluctuations and Price Adjustment: A Panel-Data Study of U.S. Manufacturing 
Linpa R. STANLEY, Oregon State University, AND JOHN T. TSCHIRHART, University of Wyoming 
Consumer Response! to Mandatory Information Disclosures: The Case of the Food Products 
Industry 
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Discussants: PauL W. MacAvoy, University of Rochester 
Nancy L. Rose, Massachusetts Institute of Technology 


10:15 A.M. FINANCIAL INTERMEDIATION AND ECONOMIC ACTIVITY 
Presiding: LEE WAKEMAN, Chemical Bank of New York 
Papers: DouGias W. DIAMOND, University of Chicago 

Reputations and Financial Intermediation 
Rosert G. KING, University of Rochester 
Financial Intermediation and Economic Growth 
ROBERT TOWNSEND, University of Chicago 
Intermediation in Transactions Costs Economies 
Discussants: JOSEPH G. HAUBRICH, University of Pennsylvania 
Jonn Boyp, Federal Reserve Bank of Minneapolis 
FISCHER BLACK, Goldman Sachs & Co. 


10:15 A.M. GENDER AND BARGAINING POWER IN PUBLIC AND PRIVATE LABOR MARKETS 
Presiding: ELYCE ROTELLA, Indiana University 
Papers: SHULAMIT KHAN, University of California-Irvine 
Economic Implications of Public Sector Comparable Worth: A Case Study of San Jose 
Des Ficart, American University 
Gender, Unions, and Internal Labor Markets: Evidence from the Public Sector in Two States 
DALLAS CULLEN, ALICE NAKAMURA, AND Masao NAKAMURA, University of Alberta 
Have Equal Opportunity/Affirmative Action Programs Had Any Impact on the Occupational 
Segregation of U.S. Women? 
JAYNE DEAN, Wagner College 
Sex Segregation and the Differential Bargaining Power of Workers 
Discussants: ELYCE ROTELLA, Indiana University 
ANDREA BELLER, University of Illinois 


10:15 A.M. STOPPING HIGH INFLATION 
Presiding: MANUEL GUITIAN, International Monetary Fund 
Papers: STANLEY FISCHER, Massachusetts Institute of Technology 
Stopping Inflation in Israel 
Jerrrey Sacus, Harvard University 
The Bolivian Stabilization 
DANIEL Heyman, CEPAL 
The Austral Plan 
ELIANA A. CARDOSO AND RUDIGER DORNBUSCH, Massachusetts Institute of Technology 
Brazil’s Plan Tropical 
Discussants: PETER GARBER, Brown University 
GUILLERMO CALVO, University of Pennsylvania 


10:15 A.M. ARBITRATION AND THE NEGOTIATION PROCESS 
Presiding: HARRY C. Katz, Cornell University 
Papers: ORLEY ASHENFELTER, Princeton University 
Arbitrator Behavior 
Max BAZERMAN, Northwestern University, AND HENRY FARBER, Massachusetts Institute of Technol- 
ogy 
Decision Making in Negotiation and Arbitration 
Davip E. BLOOM, Harvard University 
Negotiator Behavior Under the Threat of Arbitration 
Discussants: ROBERT GIBBONS, Massachusetts Institute of Technology 
CHARLES PLOTT, California Institute of Technology 


10:15 a.M. TIME-SERIES ANALYSES OF MACROECONOMIC FLUCTUATIONS 
Presiding: BEN S. BERNANKE, Princeton University 
Papers: JOHN Y. CAMPBELL, Princeton University 
Permanent and Transitory Components in Macroeconomic Fluctuations 
MATTHEW D. SHAPIRO, Yale University 
Are Fluctuations in Output Due More to Supply Shocks or Demand Shocks? 
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Discussants: JAMES H. Stock, Harvard University 
KENNETH D. WEST, Princeton University 
STEPHEN P. ZELDES, University of Pennsylvania 


10:15 A.M. ECONOMIC STATUS OF MINORITIES 
Presiding: GEORGE J. Borsas, University of California-Santa Barbara 
Papers: CLAUDIA GOLDIN, University of Pennsylvania, AND SOLOMON W. POLACHEK, State University 
of New York-Binghamton 
Perspectives on the Gender Gap 
James P. SMITH, Rand Corporation, AND Finis R. WELCH, University of California-Los Angeles 
Race and Poverty: A Forty-Year Record 
Discussants: FRANCINE D. BLAU, University of Illinois 
GLENN C. Loury, Harvard University 
SHERWIN ROSEN, University of Chicago 


10:15 A.M. AFTER A HALF-CENTRY, WHAT VALID LESSONS REMAIN FROM KEYNES’S GENERAL THEORY? 
Presiding: PAUL DAVIDSON, Rutgers University 
Papers: PAUL DAVIDSON, Rutgers University 
Sensible Expectations and the Long-Run Nonneutrality of Money 
VICTORIA CHICK, University College, London 
Speculation, the Rate of Interest, and Profit 
JAN A. KREGEL, Johns Hopkins University Center, Bologna, Italy 
The Effective Demand approach to Employment and Inflation Analysis 
Discussants: WARREN J. SAMUELS, Michigan State University 
JoHN CoRNWALL, Dalhousie University, Canada 
EILEEN R. APPELBAUM, Temple University 


10:15 a.m. LDC TRADE AND FINANCIAL LIBERALIZATION IN RETROSPECT 
Presiding: W. Max CorDEN, Harvard University 
Papers: MICHAEL MICHAELI, DEMETRIS PAPAGEORGIOUS, AND ARMEANE CHOKSI, World Bank 
The Timing and Sequencing of Trade Liberalization Policy 
SEBASTIAN EDWARDS, University of California-Los Angeles 
On the Order of Liberalizing Current and Capital Accounts: Lessons from Latin America 
RONALD I. MCKINNON, Stanford University 
Interest Rates and Foreign Exchange Management in a Liberalizing Economy 
Discussants: JEFFREY A. FRANKEL, University of California-Berkeley 
ALBERT FISHLOW, University of California-Berkeley 
MARCELO SELOWSKY, World Bank 


10:15 A.M. CONCENTRATION AND PRICE, NOT CONCENTRATION AND PROFITS 
Presiding: LEONARD W. WEISS, University of Wisconsin-Madison 
Papers: CHRISTINA M. L. KELTON, Wayne State University 
Change in Concentration, Change in Cost, and Change in Price—A Simultaneous Equation 
Approach 
ROLAND KOLLER II, Brigham Young University 
Concentration and Price in Regional Cement Markets 
Scorr MILLIMAN, JAMES MADISON UNIVERSITY, AND STEVEN T. BERRY, University of Wisconsin- 
Madison 
The Effects of Concentration, Entry, and Entry Conditions on Unregulated Airline Fares 
Discussants: RICHARD L. SCHMALENSEE, Massachusetts Institute of Technology 
SAM PELTZMAN, University of Chicago 


10:15 A.M. DYNAMIC GAMES 
Presiding: HUGO SONNENSCHEIN, Princeton University 
Papers: DILIP ABREU, Harvard University, AND ARIEL RUBINSTEIN, Hebrew University of Jerusalem 
The Structure of Nash Equilibria in Repeated Games with Finite Automata 
SANFORD GROSSMAN, Princeton University 
Further Results on Sequential Bargaining under Asymmetric Information 
DREW FUDENBERG, University of California-Berkeley, AND PAUL MILGROM, Yale University 
Repeated Moral Hazard 
FARUK GUL, Stanford University 
Bargaining Foundations of Shapley Value 


NOTES 


The annual meeting of the American Economic As- 
sociation will be held in New Orleans, Louisiana, De- 
cember 28—30, 1986. 

The Professional Placement Service will be located at 
the Sheraton New Orleans Hotel. It will be open from 
10:00 A.M. to 5:00 P.M., December 27; 9:00 A.M. to 
5:00 P.M., December 28-29; and 9:00 A.M. to 12:00 
noon, December 30. 


Members wishing to give papers or make suggestions 
for the program for the AEA meeting, Chicago, IL, 
December 28--30, 1987, are invited to write to Professor 
Robert Eisner, Department of Economics, Northwest- 
ern University, Evanston, IL 60201. To be considered 
for contributed sessions, abstracts of (noneconometric) 
papers must be received no later than February 1, 1987. 


The Institute of International Education has awarded 
a grant to the American Economic Association under 
the Short-Term Enrichment Program (STEP) of the 
U.S. Information Agency to assist foreign graduate 
students studying in the United States to attend the 
annual meeting of the Association. Recipients must be 
full-time graduate students at U.S. institutions of higher 
learning and must not be receiving any U.S. govern- 
ment funds for academic or travel expenses. The 1986 
meetings will be held in New Orleans, LA, December 
28-30. The maximum award is $300. To receive an 
application form, write STEP Grants, American Eco- 
nomic Association, 1313 21st Avenue South, Suite 809, 
Nashville, TN 37212-2786. To be considered for a 
travel grant, completed forms must be received by 
November 3, 1986. 


The Woodrow Wilson Center for Scholars seeks proj- 
ect proposals in the humanities and social sciences. 
Eligibility for academic participants is limited to the 
postdoctoral level; ' for participants from other back- 
grounds, equivalent professional achievement levels are 
expected. Fellows will devote full time on one major 
project while in residence at the Center for periods of 4 
months to a year—stipends are subject to a ceiling of 
$35,000 per 12-month period. The deadline for receipt 
of applications is October 1 for appointments to begin 
the following September. For information and applica- 
tion materials, contact The Wilson Center, Smithsonian 
Institution Bldg, Rm 331, Washington, D.C. 20560 
(telephone 202 + 357-2841). 
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The Columbia Society of Fellows in the Humanities, 
with grants from the Andrew W. Mellon Foundation 
and the William R. Kenan Trust, will appoint a number 
of postdoctoral fellows in the humanities for the 
academic year 1987-88. The appointment carries with it 
the expectation of renewal for a second year. Fellows 
newly appointed for 1987~88 must have received the 
Ph.D. between January 1, 1985 and July 1, 1987. The 
stipend will be $26,000, one-half for independent re- 
search and one-half for teaching in the undergraduate 
program in general education. Additional funds are 
available to support research. Application forms can be 
obtained by writing to the Director, Society of Fellows 
in the Humanities, Heyman Center for the Humanities, 
Box 100 Central Mail Room, Columbia University, 
New York, NY 10027. The deadline for receipt of 
completed application forms is October 15, 1986. 


The Committee on Scholarly Communication (CSC- 
PRC) with the People’s Republic of China announces a 
new five-year program. Proposals are invited for sus- 
tained research projects involving periodic visits of vary- 
ing duration for 1987 to 1992 in Fengjia Village and 
Zouping County, Shandong Province. The CSCPRC 
will consider proposals such as 1) a single research 
proposing a discrete topic; 2) a research director either 
working with, or willing to incorporate, other individu- 
als projects as appropriate into the field site; 3) a 
multidisciplinary team of three to five scholars who 
wish to pursue an integrated research project. In consid- 
ering all proposals, the CSCPRC will give preference to 
projects that include prior field research experience in 
China, or in other countries with similar research condi- 
tions, and awareness of the Chinese research environ- 
ment. For group projects, preference .will be given to 
multidisciplinary proposals that include training of 
younger scholars, competence in aspects of rural devel- 
opment in other countries, and the commitment of at 
least one person to learn the local dialect. For further 
information, write the CSCPRC, National Academy of 
Sciences, 2101 Constitution Avenue, Washington, D.C. 
20418, or telephone 202+ 334-2718. The deadline for 
applications is October 1, 1986. 


The Division of International Programs of the Na- 
tional Science Foundation announces their U.S.~China 
Cooperative Program to promote opportunities for co- 
operation between scientists of the United States and 
the People’s Republic of China on projects of mutual 
interest and benefit. The program supports joint re- 
search projects of up to two years’ duration in all fields 
normally supported by NSF. Proposals should follow 
format and budgetary guidelines provided in the an- 
nouncement (NSF 82-50: U.S.-China Cooperative Sci- 
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ence Program) which may be obtained from the Divi- 
sion of International Programs, NSF, 1800 G Street, 
N.W., Rm 1214, Washington, D.C. 20550 (telephone 
202 + 357-7393). 


The National Convention of the American Associa- 
tion for the Advancement of Slavic Studies, hosted by 
the Southern Conference on Slavic Studies, will be held 
November 20-23, 1986, at the Hyatt Regency Hotel, 
New Orleans, LA. For further information, contact 
AAASS, 128 Encina Commons, Stanford University, 
Stanford, CA 94304 (telephone 415 + 723-9668). 


The American Statistical Association, under a grant 
from the National Science Foundation, announces a 
research fellowship and associate program in coop- 
eration with the Bureau of Labor Statistics. Selected 
fellows and trainees will work at the BLS for periods of 
up to one year on related BLS programs that include 
general areas such as conceptual issues, measurement of 
nonwage benefits, measurement of economic growth, 
productivity-related research, labor market analyses, as 
well as survey methodology, statistical quality control, 
and development of time-series methods. Application 
deadline is January 15, 1987 for fellows; February 15, 
1987 for associates. To obtain full information, write 
to Dr. Fred C. Leone, Executive Director, American 
Statistical Association, 806 15th Street, N.W., Wash- 
ington, D.C. 20005. 


The National Institutes of Health (NIH) Working 
Group on Health and Behavior announces the NIH 
National Research Service Award (NHRA) program. 
Fellowships are available to postdoctoral and senior 
scientists for up to three years. The NIH fellowships 
include research on basic processes as well as research 
applied to behavioral factors in health and illness. Re- 
ceipt dates for applications are January 10, May 10, and 
September 10 of each year. For full information and 
applications, contact Office.of Grant Inquiries, Division 
of Research Grants, NIH, Westwood Bldg 449, Be- 
thesda, MD 20892 (telephone 301 + 496-7441). 


The National Humanities Center will admit ap- 
proximately forty fellows for the academic year, 
1987-88. Fellowships are awarded on the basis of open 
competition, and applications are welcomed from the 
United States and abroad. Representatives of the hu- 
manities, natural sciences, and professional life may 
apply. The deadline is October 15, 1986. Application 
forms are available from the Center and should be 
supported by a curriculum vitae, a 1,000-word project 
proposal, and three letters of recommendation. Please 
write Kent Mullikin, Assistant Director, National Hu- 
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manities Center, 7 Alexander Drive, Research Triangle 
Park, NC 27709. 


Harvard Law School offers four or five fellowships 
for 1987-88 to college and university teachers in the 
social sciences and humanities to enable them to study 
fundamental techniques, concepts, and aims of law so 
that, in their teaching and research, they will be better 
able to use legal materials and legal insights which are 
relevant to their own disciplines. The deadline is January 
15,1987. Further information may be obtained from 
the Chairman, Committee on Liberal Arts Fellowships 
in Law, Harvard Law School, Cambridge, MA 02138. 


The Leonard J. Savage Award of $500 is presented 
annually for an outstanding doctoral dissertation in 
Bayesian Econometrics and Statistics. To be considered 
for an award, the dissertation supervisor should submit 
the dissertation and a letter summarizing the main 
results. Dissertations completed after January 1, 1977, 
are eligible. The closing date each year is September 1. 
Send submissions to Professor Arnold Zellner, Graduate 
School of Business, 1101 East 58th Street, Chicago, IL 
60637. 

The winner of the 1985 award is Peter Jamison Lenk, 
“Bayesian Nonparametric Predictive Distributions,” 
completed at the Department of Economics, University 
of Michigan. 


The Harry J. Benda Prize of the Association of Asian 
Studies is awarded biennially to an outstanding young 
scholar in any field or country specialization of South- 
east Asian studies. There is neither a citizenship nor 
residence requirement for nominees. Nominations for 
the 1987 prize should be sent before November 15, 1986 
and include: name of nominee, affiliation, field of spe- 
cialization, list of significant works, a brief statement 
about why she or he merits the award. Address: John A. 
Larkin, History Department, SUNY/Buffalo, Buffalo, 
NY 14261. 


The Economics Department and the School of Natu- 
tal Resources of the University of Michigan offer a joint 
Ph.D. Program in Natural Resource Economics. In the 
Economics Department, students pursue a rigorous pro- 
gram in economic theory, quantitative methods, re- 
source economics, and another chosen field in economic 
analysis. In the School of Natural Resources (or 
elsewhere in the university), they are trained in the 
technical, biophysical aspects of a resource or environ- 
mental problem area of their choosing. For further 
information, please write to Professor Richard C. Porter, 
Director, Natural Resource Economics Program, Eco- 
nomics Department, Lorch Hall, University of Michi- 
gan, Ann Arbor, MI 48109. 
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The Social Science Research Council (SSRC) an- 
nounces 1986 deadlines for 1987 academic year research 
fellowships and grants. Predoctoral and Doctoral Dis- 
sertation Programs: November 3: International Doctoral 
Research in Africa, Korea,'Latin America and the 
Caribbean, Near and Middle East, South Asia, South- 
east Asia, and Western Europe; December 1: Graduate 
Training in Soviet Studies—3rd and 4th year gradiate 
study; Dissertation Fellowships—final year’s work on 
dissertation. Institutional Support Programs: Decem- 
ber 1: Program to Initiate New Teaching Positions in 
Russian and Soviet Studies. Advanced Research Pro- 
grams: December I: Grants for International Research 
in Africa, Japan, Korea, Latin America and the Carib- 
bean, Near and Middle East, South Asia, and Southeast 
Asia; Advanced Research Fellowships in Foreign Policy 
Studies—1 or 2 year’s support; Grants for Indochina 
Studies on Cambodia, Laos, and Vietnam; Advanced 
Research Grants for the Comparative Study of Muslim 
Societies; Advanced Grants in Soviet Studies for 3 
summers and 1 semester of research. For details and 
how to apply, address the specific program at the SSRC. 
605 Third Avenue, New York, NY 10158. 

The deadline December I is for the ACLS Fellow- 
ships (or Grants) for International Research in China 
and Eastern Europe: ‘support in the social sciences and 
humanities. For details and how to apply, address the 
specific program at the American Council of Learned 
Societies, 228 East 45th Street, New York, NY 10017. 


Call for Papers: The Bank Administration Institute 
and the Banking Research Center of the Kellogg 
Graduate School of Management, Northwestern Uni- 
versity, will sponsor a conference on Asset Securitiza- 
tion and Off-Balance Sheet Risks of Depository Fi- 
nancial Institutions to be held at the Allen Center, 
Evanston Campus, Northwestern University, February 
15-17, 1987. The proceedings will be published in Stud- 
ies in Banking and Finance. Submit completed papers or 
abstracts to Professor Stuart I. Greenbaum, Banking 
Research Center, Kellogg GSM, Northwestern Univer- 
sity, Evanston, IL 60201 (telephone 312 + 491-5498). 


Call for Papers: The International Atlantic Economic 
Conference, “Creating New Traditions,” will be held in 
Munich, West Germany, April 20-27, 1987. To present 
a paper, send two copies of a 500-word summary and 
cover page giving conference title, name, affiliation, 
mailing address and telephone number, appropriate JEL 
category, and $35 (US) submission fee. Send to John M. 
Virgo, International Program Chairman, AEC, South- 
ern Illinois University, Box 1101, Edwardsville, IL 
62026-1101. oe 

To be held in conjunction is the International Health 
Economics and Management Conference. The same 
dates and guidelines apply for paper presentation ($50 
fee). Accepted authors to provide personal expenses and 
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registration fee. Send to John M. Virgo (above address: 
noting International Health...). 


Call for Papers: The Hong Kong Economic Associa- 
tion will sponsor an international conference, “ Eco- 
nomic Development in Chinese Societies: Models and 
Experiences,” to be held in Hong Kong, December 
18-21, 1986. The working languages are English and 
Chinese. To contribute or to attend, please contact Dr. 
Y. C. Jao, Department of Economics, University of 
Hong Kong, Pokfulam Road, Hong Kong. 


Call for Papers: The 1987 annual meeting of the 
Business History Conference will be held March 12-14, 
in Wilmington, Delaware. The theme is “The History of 
International Business.” Those interested in presenting 
a paper or developing a session should send a one-page 
précis and curriculum vitae to Professor Mira Wilkins, 
Department of Economics, Florida International Uni- 
versity, Miami, FL 33199, before October 15, 1986. 


Call for Papers: The annual meeting of the Eastern 
Finance Association will be held April 22-25, 1987, in 
Baltimore, Maryland. To present a paper, submit a 
two-page, single spaced abstract no later than Novem- 
ber 1, 1986, or to chair a session, organize a special 
session, or serve as a discussant, write to Gershon N. 
Mandelker, Vice-President, Program, EFA, Graduate 
School of Business, Mervis Hall, University of Pitts- 
burgh, PA 15260. 


Call for Papers: The annual meeting of the Southern 
Regional Science Association will be held in Atlanta, 
Georgia, March 26-28, 1987. To present a paper, sub- 
mit a one-page abstract no later than November 1, 
1986, or to chair a session, organize symposia, or be a 
discussant, contact Professor William Latham, Depart- 
ment of Economics, University of Delaware, Newark, 
DE 19711 (telephone 302 + 451-2564). 


Economists who are strongly oriented toward the 
humanities, who use humanistic methods in their re- 
search, and who will be participating in meetings held 
outside the United States, Mexico, and Canada that are 
concerned with the humanistic aspects of their disci- 
pline are eligible to apply for small travel grants of the 
American Council of Learned Societies. Financial assis- 
tance is limited to airfare between major commercial 
airports and will not exceed one-half of projected econ- 
omy-class fare. Social scientists and legal scholars who 
specialize in the history or philosophy of their disci- 
plines are eligible if the meeting they wish to attend is 
so oriented. Applicants must hold a Ph.D. degree or its 
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equivalent, and must be citizens or permanent residents 
of the United States. To be eligible, proposed meetings 
must be broadly international in sponsorship or par- 
ticipation, or both. The deadlines for application to be 
received in the ACLS office are: meetings scheduled 
between July and October, March 1; for meetings 
scheduled between November and February, July 1; for 
meetings scheduled between March and June, Novem- 
ber 1. Please request application forms by writing di- 
rectly to the ACLS (Attention: Travel Grant Program), 
228 East 45 Street, New York, NY 10017, setting forth 
the name, dates, place, and sponsorship of the meeting, 
as well as a brief statement describing the nature of 
your proposed role in the meeting. 


Retirements 


Harvey E. Brazer: professor of economics, University 
of Michigan, December 31, 1985. 

John E. Perkins, Jr.: professor of economics, Texas 
Christian University, May 1986, 

W. M. Scammell: professor of economics, McMaster 
University. 


Foreign Scholars 


Luis Rene Caceres, Central American Bank of Eco- 
nomic Integracion, Tegucigalpa, Honduras: visiting pro- 
` fessor, department of economics, Florida International 
University, January 1986. ; 

Mechthild Minkner, Institut Fur Iberoamerika 
Kunde, Hamburg, Germany: visiting research professor, 
department of economics, Florida State University, 
January 1986. 

Dodli Sai Prasado-Rao, University of New England, 
Armidale, Australia: visiting professor, department of 
economics, Florida International University, January 
1986. 


Promotions 


G. J. Anderson: professor, department of economics, 
McMaster University, July 1986. 

Harold S. Beebout: senior vice president and director 
of research, Mathematica Policy Research, Inc., Feb- 
ruary 28, 1986. 

Steven D. Braithwait: senior project manager, De- 
mand-Side Planning Program, Electric Power Research 
Institute, November 1, 1986. 

M. J. Browning: professor, department of economics, 
McMaster University, July 1986. 

Andrew Buck: associate professor, department of 
economics, Temple University, September 1985. 

Ahmad Faruqui: manager, End-Use Assessment and 
Forecasting Subprogram, Electric Power Research In- 
stitute, November 1, 1985. 

Michael Goetz: associate professor, department of 
economics, Temple University, September 1985. 

Roger Gordon: professor, department of economics, 
University of Michigan, September 1, 1986. 

Philip Gregorowicz; associate professor of econom- 
ics, Auburn University-Montgomery, September 1986. 
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Sydney S. Hicks: senior vice president and chief 
economist, InterFirst Bank Dallas, July 1, 1985. 

David Marwick: group director/transportation, U.S. 
General Accounting Office, October 1985. 

S. Mestelman: professor, department of economics, 
McMaster University, July 1986. 

Charles E. Metcalf: president, Mathematica Policy 
Research, Inc., February 28, 1986. 

Arnoldt J. Spitz: executive vice president, finance 
and administration, International Seaway Trading Cor- 
poration, February 13, 1986. 


Administrative Appointments 


Joseph Horton: dean, School of Management, Uni- 
versity of Scranton, June 1, 1986. . 

Michael S. McPherson: chair, economics depart- 
ment, Williams College, July 1, 1986. 

David R. Meinster: chairman, economics depart- 
ment, Temple University, March 1986. 

Richard C. Porter: chair, department of economics, 
University of Michigan, January 1, 1986. 

Frederic E. Wakeman, Jr.: president, Social Science 
Research Council, New York, July 1, 1986. 

Tom S. Witt: executive director, Bureau of Business 
Research and director, Center for Economic Analysis 
and Statistics, West Virginia University, January 1, 
1986. 

William C. Wood: chairman, department of econom- 
ics and business administration, Bridgewater College, 
September 1, 1986. 


Appointments 


Harold Black: visiting professor, American Univer- 
sity, September 1985. 

Robert A. Blecker: instructor, American University, 
September 1985. 

John Bound, Harvard University: assistant professor, 
department of economics, University of Michigan, Sep- 
tember 1, 1986. 

E. Kwan Choi, University of Missouri: associate 
professor, department of economics, Iowa State Univer- 
sity, June 1, 1985. 

Jens Christiansen, University of Massachusetts- 
Amherst: lecturer in economics, Mount Holyoke Col- 
lege, fall 1986. 

M. Keivan Deravi: assistant professor of economics, 
Auburn University of Montgomery, September 1985. 

Mark E. Edelman, South Dakota State University: 
associate professor, department of economics, Iowa State 
University, January 1, 1986. 

Yiu-Kwan Fan, University of Wisconsin-Stevens 
Point: dean, faculty of business, Hong Kong Baptist 
College, September 1, 1986. 

Paul Flacco: assistant professor, American Univer- 
sity, September 1985. 

Charles E. Hegji: assistant professor of economics, 
Auburn University-Montgomery, June 1985. 

Michael W. Horrigan, Williams College: research 
economist, Division of Employment and Unemploy- 
ment Analysis, Bureau of Labor Statistics, 1986. 
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Richard P. Hydell, Wake Forest University: assistant 
professor of economics, Mary Washington College, 
August 1986. 

Helen Jensen, University of Maryland: assistant pro- 
fessor, department of economics, Iowa State University, 
August 21, 1985. 

Lori Gladstein Kletzer, University of California- 
Berkeley: assistant professor of economics, Williams 
College, July 1, 1986. 

Jeffrey K. Mackie-Mason, MIT: assistant professor, 
department of economics, University of Michigan, Sep- 
tember 1, 1986. 

Jon J. Manger, La Salle University: international 
economist, U.S. Department of Commerce, February 
1986. 

James C. Murdock: assistant professor of economics, 
Auburn University-Montgomery, June 1986. 

Eva Paus, University of Pittsburgh: assistant profes- 
sor of economics, Mount Holyoke College, January 
1987. 

Irene Powell: assistant professor of economics, 
Mount Holyoke College, fall 1986. 

John Rizzo, American Medical Association: adjunct 
assistant professor of economics and research scientist, 
Center of Japan—U.S. Business and Economic Studies, 
New York University, February 1986. 

David R. Ross, Williams College: visiting assistant 
professor of economics, University of Pennsylvania, July 
1986-June 1987. 

Efraim Sadka, Tel Aviv University: visiting profes- 
sor, department of economics, University of Michigan, 
September 1, 1986. 

Ryuzo Sato, Brown University: professor of econom- 
ics and director, Center for Japan—U.S. Business and 
Economic Studies, New York University, September 
1985. . 

Allen L. Schirm, University of Pennsylvania: visiting 
assistant professor, department of economics, Univer- 
sity of Michigan, September 1, 1986. 

Joseph Swierzbinski, University of Washington: 
visiting assistant professor, department of economics, 
University of Michigan, September 1, 1986. 

Jerry Thursby, Ohio State University: visiting associ- 
ate professor, department of economics, University of 
Michigan, September 1, 1986. 

M. R. Veall: assistant professor, department of eco- 
nomics, McMaster University, July 1986. 
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Robert Vogel, World Bank: visiting professor, 
American University, September 1986. 

Marina von Neumann Whitman, General Motors 
Company: adjunct professor of economics, business, 
and public policy, department of economics, University 
of Michigan, September 1, 1986. 

Christine Wong, Mount Holyoke College: assistant 
professor of economics, University of California-Santa 
Cruz. : 

Huizhong Zhou; Northwestern University: visiting 
assistant professor, department of economics, Univer- 
sity of Michigan, September 1, 1986. 


Leave for Special Appointments 


Lee J. Alston, Williams College: visiting fellow, de- 
partment of economic history, Research School of So- 
cial Sciences, Australian National University, July 
1986-July 1987. 

Marsha E. Courchane, North Carolina State Univer- 
sity: visiting assistant professor, University of British 
Columbia, Vancouver, BC, July 1, 1986-June 30, 1987. 

David Fairris, Williams College: visiting scholar, de- 
partment of economics and Institute of Industrial Rela- 
tions, University of California-Berkeley, July 1986-June 
1987. 

Robert M. Fearn, North Carolina University: visit- 
ing professor, Higher School of Economics and Busi- 
ness, Athens, Greece, August 15, 1986—August 14, 1987. 

Roger Gordon, University of Michigan: People’s 
University, Beijing, China, September 1, 1986~Decem- 
ber 31, 1986. 

Edward Gramlich, University of Michigan: deputy 
director, Congressional Budget Office, January 1, 
1986-July 1, 1987. 

Brian Levy, Williams College: visiting research asso- 
ciate, Harvard Institution for International Develop- 
ment, July 1986—June 1987. 

Maria Thursby, Ohio State University: NSF Pro- 
gram of Visiting Professorships for Women, University 
of Michigan, 1986-87. 

Michelle White, University of Michigan: People’s 
University, Beijing, China, September 1, 1986-Decem- 
ber 31, 1986. 
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= International Trade and 
Exchange Rates in the 
Late Eighties 


Proceedings of the Conference on In- 
ternational Trade and Exchange 
Rates in the Late Eighties, Namur/ 
Brussels/Leuven, Belgium, 6-8 June, 
1985 


Edited by T. PEETERS, Catholic University 
of Leuven, Belgium, P. PRAET, Free Univer- 
sity of Brussels, Belgium, and P. REDING, 
Facultés Universitaires Notre-Dame de la 
Paix, Namur, Belgium 


1985 about 400 pages 


US $74.00/Dfi. 200.00. 
ISBN 0-444-87941-2 


The Perception of 
Poverty 





By ALDI J.M. HAGENAARS, Center for 
Research in Public Economics, Leyden 
University, The Netherlands 


CONTRIBUTIONS TO ECONOMIC 
ANALYSIS, Volume 156 


I 





1986 xvi + 300 pages 
US $46.25/Dfl. 125.00 
ISBN 0-444-87898-X 


Advances in Urban 
Systems Modelling 


Edited by BRUCE HUTCHINSON, Univer- 
sity of Waterloo, Waterloo, Ontario, Canada, 
and MICHAEL BATTY, University of Wales, 
Institute of Science and Technology, Cardiff, 
United Kingdom 


STUDIES IN REGIONAL SCIENCE AND 
URBAN ECONOMICS, Volume 15 


1986 about 430 pages 
US $59.25/Dfl. 160.00 
ISBN 0-444-87964-1 


ELSEVIER SCIENCE PUBLISHERS 





NORTH-HOLLAND : 


P.O. Box 211, 1000 AE Amsterdam, The Netherlands 


For customers in the U.S.A. and Canada: 
ELSEVIER SCIENCE PUBLISHING CO., INC. 
P.O. Box 1663, Grand Central Station, New York, N.Y. 10163 








The contributions cover the major 
developments that have occurred in the 
pure theory of international trade during the 
last decade, including empirical support for 
the Heckscher-Ohlin theory of international 
specialization. Simulation results of leading 
world models shed light on current trade 
and policy issues, and an integration is pro- 
vided of the elasticities and absorption ap- 
proaches into a modern asset market 
model of exchange rate dynamics. The ex- 
change rate strategies of the smaller Euro- 
pean economies are examined in the wake 
of major real exchange rate shocks, as well 
as the advantages and drawbacks of 
various policy proposals designed to limit 
exchange rate misalignments. 


(Co-publication with Les Editions 
De L'Université de Bruxelles) 


An attempt to define, measure and explain 
poverty is presented in this volume by means 
of a newly developed theoretical model. A 
combination of theory and empirical applica- 
tion is achieved by using the theoretical 
model on a sizeable data set derived from an 
extensive survey conducted in eight Euro- 
pean countries. The nature of poverty is 
thereby empirically defined (and not a priori) 
as being the income level at which house- 
holds feel that their income is just between 
sufficient and insufficient. An aggregate 
poverty index, associated with this poverty 
line definition, is calculated for each coun- 
try and for subgroups within each country. 


Planning has seen many changes in its 
central concerns and approaches in 
response to the state of the world with 
which it has had to deal. It is already almost 
twenty-five years ago that the science of ur- 
ban modelling entered the planning area. 
Time and innovation have inevitably 
brought about advances in the theory and 
practice of this science, the pertinence of 
which is clearly demonstrated by the fact 
that planners still often lack convincing 
answers to the problems confronting them. 
in an attempt to clarify and tackle these 
problems, the present volume analyzes the 
role, development and applications of 
models in urban systems. 
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An International Symposium 
= on 
North American Economies 
in the 1990’s 
June 18-21, 1987 
Laredo, Texas | 


An International Symposium to discuss “North American Economies 
in the 1990’s” will be held on June 18-21, 1987, in Laredo, Texas. The 
Symposium will be the first attempt at analyzing economic events of the 1990’s 
and will cover some of the most critical economic issues of our time. 


The Symposium is sponsored by the North American Economics and 
Finance Association and The International Trade Journal. It is 
also co-sponsored by Laredo State University, Universidad Auto- 
noma de Tamaulipas, Southwestern Society of Economists, 
International Studies Association, Centro de Investigacion y 
Docencia Economicas (CIDE) and Southwestern Economics 
Association. 


The Symposium will include presentation of competitive papers as well as 
special sessions dealing with specific issues. It will have a keynote speaker and 1-2 
plenary sessions with invited guest-speakers among government officials, 
‘practitioners, and academicians from North American and the Caribbean 
_ countries. 


Papers, abstracts, proposals for special sessions, and all inquiries should be sent 
to: i 


Khosrow Fatemi, Ph.D., Program Chairman 
International Symposium 

Laredo State University 

West End Washington Street 

Laredo, Texas 78040 U.S.A. 

Tel.: (512) 722-8001 
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New from the Consortium of Social Science Associations.... 


The first compreherisive 


Guide to Federal Funding 
for Social Scientists 


Prepared by the Consortium of Social Science Associations (COSSA), a Washington 
advocacy group serving the major professional societies in the social and behavioral 
sciences. Susan D. Quarles, editor. 


The federal government is a major supporter of research in the social and behavioral 
sciences, but until now, no single, multidisciplinary directory has been available to guide 
researchers through the complexities of government funding in these fields. 


COSSA’s inclusive new Guide to Federal Funding describes over 300 federal programs in 
impressive detail, including funding priorities, application guidelines, and-examples of 
funded research. Introductory essays describe the organization of social science funding 
and offer inside views of federal funding practices and contract research. 


` For anyone who needs to know the ins-and-outs of government funding in the social 
sciences and related fields, COSSA’s Guide will be an essential new resource. 


Published by the Russell Sage Foundation 


Available in June 512 pages ISBN 0-87154-699-X Paperback 


Ame ae at et St a a A HN SS ee ah NY SF Se Se St eS SS GS et We eu Sn SY A nA Ye e e e 


Mail orders to: =- > i Enclosed is a check, money order, or purchase 
Consortium of Social Science order in the amount of $———— . Publisher 
Associations pays postage on prepaid orders; New York 
1200 Seventeenth St., NW, Suite 520 residents, please add sales tax. 
Washington, D.C. 20036 
Orders will be filled when books are available, 
in June. Please allow 3-4 weeks for delivery. ; > 
Please serid copies of COSSA’s Guide Name (please print) 
to Federal Funding for Social Scientists 
(81-0699X) at the following price: Address 
O $24.95 (for libraries and institutions) 
O $14.95 (special price for 
members of AEA) 
O $19.95 (for other individuals) 
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SPREADSHEET STATISTICAL/FORECASTING 


PROGRAM 


j ™ 
y S TAT for Your IBM Personal Computer 





WORKS LIKE LOTUS’ 1-2-3, WITH FEATURES LIKE SAS 


o ySTAT is the only full-fledged spreadsheet stati- 
stical prostan - a fast, powerful, easy-to-use 
stand-alone program. $ 


O Henu-driven forzat as in Lotus 1-2-3 - offers 

functions that are not available even in 1- 

2-3, auch as vector formlas, lagged variables, 
dummy variables, and row-column transposition. 


.© You can read, enter, edit, copy, Bove, and sort 
the data as well as group and partition the data 
for analysis right on the spreadsheet, A total of 
40 function keys for one-keystroke operations. 


© Ten statistical function keys: to tally sums and 
means; subtract variable means or seasonal means; 
standardize the data; aggregate seasonal data; 
generate seasonal indicators; perform moving 
averages, linear trend forecasts, and so on. An 
operation aan be applied globally or locally. 


feature for programming macro | l 


will replicate an 


© Automatic reeording 
keys, which with one keystroke 
en ou can save macros 


ire sequence of analyses. 
for future uses. 


O Verifiable data: newly created and transformed 
data aro immediately displayed. 


© YSTAT reads Lotus’ files and an 
ed-format textfile generated y other PC pro- 
gepas or mainframe, Each record can have up to 
68 variables. The data can be numeric, alphabe- 
tio, or a hybrid, including missing values, 


o No disk svapping: ySTAT is compactly written =- 
the entire program resides on one disk. 


free-format or 


o No output is too large: a large analysia output f 


that will not fit on the soreen can be scrolled 
sideways, up, or down. With one keystroke, the 
output can be printed or saved as one piece. 


STATISTICAL PROCEDURES 


o y statistics: minimum, maximum, sum, mean, 
standard deviation, t-test, sum of squares, etc. 


© Frequency distribution: frequency, cumulative 
frequency, percentage and cumulative percentage. 


o Correlation: a matrix of correlation coefficients 
of all variables or selected variables. 


ò Crogstab: multi-way crosstabulation, includi: 
row percent, column percent, total percent an 
expected counts under the assumption of indepen- 
dence and the corresponding chi-square. 


o Analysis of variance: one-way and two-way ANOVA 
including F-test for interaction effect. 


o Multiple regression (OLS): up to 60 independent 
variables for 384K memory or more. Residuals are 
added at the spreadsheet for diagnostic analyses 
and plots. 


o Two-stage least squares (2LS): for simultaneous 
equations and instrumental variable estimation, 


o Weighted least squares (WLS). 


o Pooling of cross-section and time-series data: 
regression analysis for deciding on whether or 
not to pool and to estimate the pooled regres- 
sions withdifferent degrees of pooling. 


‘o Cochrane-Orcutt method: an iterative method that 


includes the first observation in the estimation. 


o Two-samsple Difference of means test: 


by assuming 
equal variances 


as well as unequal variances. 


o Nonparametric tests: the Kolmogorov-Smirnov test, 
the Wald-Wolfowitz runs test, the Mann-Whitney or 
Wilcoxon test, and the Wilcoxon matched~ pairs 
signed-ranks test. Takes into consideration ties. 


o ‘s correlation and Kendall's correlation. 
Takes into consideration ties, _ 

© Plots: standard plot, residual plot, time plot, 
paired plot, and XY scatter plot. i 


SPREADSHEET FORECASTING: Regression, exponential 
smoothing, and stochastic time-series methods to 
forecast and simulate nonseasonal time series and 
seasonal time series right on the spreadsheet. 


o Time-series models: autoregressive model AR(p) 
moving average model MA(q) and Box-Jenkins mode 
ARIMA(p,d,q), with autocorrelation and partial 
autocorrelation of residuals. 


o Nonseasonal forecasts: linear trend, quadratic 
trend, polynomial model, sinusoidal model, expo- 
nential and double exponential smoothings. 


o Seasonal forecasts: general exponential smoothing 
with seasonal indicators or trigonometric func~ 
tions; Winter's additive and multiplicative pro- 
cedures. 


SYSTEM REQUIREMENTS: IBM Personal Computer (PC, XT, 
AT) or compatibles; 1 floppy disk or a hard disk 
DOS 2,0 or 33° and 256K memory; with or without 

an 8087/80287 math eo-processor chip, 


PRICE: $395. Including one free update, 


OUR GUARANTY: if you should find another statis- 
tical program easier to use than ySTAT, you may 
return ySTAT for a refund within 60 days from the 
date of purchase, 





MING TELECOMPUTING INC. 





23 Oak Meadow Road, P.O. Box 101, 


Please send: ( 


( ) a university or governmental agency purchase order enclosed. 





Telecommunications and Statistics for Microcomputers 
Lincoln Center, 


) IBM AT. 


Signature (if charged) 





‘MA 01773, U.S.A. (617) 259-0391 


) ySTAT Package for $395. (Massachusetts residents: please add 5% sales tax.) 


( ) other 
Memory K 





Expiration Date: Sm 





( ) ySTAT Trial Disk and information/sample output for. $5. 
( ) ySTAT information/sample output. 
System: ( ) IBM PC. ( ) IBM XT. ( 
( ) with 8087 or 80287 math co=processor. 
Payment: ( ) a check is enclosed. 
( ) Visa. (.) MasterCard. Credit Card # 
Name 
Address 


tt tet tN eer 





Telephone: ( 


Ve ak 


TEM te a ragteterad tradesark of International Businsas Machines Corp.: 1-2-3 of totus, SAS of SAS Institute 
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ALTERNATIVE MONE TAR Y REGIMES 
EDITED BY COLIN D. CAMPBELL AND WILLIAM R. DOUGAN 


Leading economists here present explications and critiques of the principal 
approaches to administering monetary policies and institutions. The authors examine 
such issues as the gold standard and fixed versus floating exchange rates, focusing on 
the appropriate degree of discretion to be delegated to monetary authorities. 


$29.50 hardcover’ $12.95 paperback 


WAGE RIGIDITY AND 
UNEMPLOYMENT 


EDITED BY WILFRED BECKERMAN | 


One of the central social and economic issues woi industrial nations in the 
1980s is the persistence of high unemployment. A common explanation points to the 

- “stickiness” of wages as a primary factor. Distinguished economists from Europe and 
the United States here explore the theoretical, empirical, and policy dimensions of 
this subject. 


$30.00 


ECONOMIES WITH MANY AGENTS 
An Approach Using Nonstandard Analysis 
SALIM RASHID 


Salim Rashid here reviews and demonstrates the method of nonstandard analysis, “a 
(relatively) new mathematical tool that is at once intuitive, simple, and powerful.” He 
includes an explicit comparison to measure theory, highlighting the areas in which 
the two methods are equivalent as well as those in which nonstandard analysis offers 
distinct advantages. 


$30.00 


New in Paperback 


INTERNATIONAL MONE TARY 
ECONOMICS 


JURG NIEHANS 
“(Niehans] succeeds in integrating modern techniques, traditional theories, and origi- 
nal developments. . . . The book makes its complex, difficult subject more compre- 


hensible and readable through clear writing and a clean organization."”—Dominique © 
Khactu, SOUTHERN ECONOMIC JOURNAL 


Now available in paperback, this open-economy sequel to the author's previous 





Theory of Money provides the-first comprehensive, balanced, and integrated treat- | . 


ment of international monetary economics clearly focused on floating exchange rates. 
$12.95 paperback $37.50 hardcover : THE 


JOHNS HOPKINS 
UNIVERSITY PRESS 


l 701 West 40th Street, Baltimore, Maryland 21211 
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New titles from 
Harvard University Press 


The History of Statistics 
The Measurement of Uncertainty before 1900 
Stephen M. Stigler 
“This book tells in engrossing detail, laced with witty historical asides, how that 
logic of measurement we now know as statistics emerged and took shape up to 
our own century... A surehanded and beautifully written story . . ..| enjoyed it 
greatly” —Robert K. Merton 
Belknap $25.00 


Misunderstanding Media 
Brian Winston 
“Remarkably good ... Winston offers one of the best histories of the computer 
| have ever read. It is rich in detail and finely textured .. . Altogether a very nice 
piece of work.” —dJoseph Weizenbaum, 
Massachusetts Institute of Technology 
$22.50 


The Control Revolution 
Technological and Economic Origins of the Information Society 
James R. Beniger 
“Beniger provides rich and complex concepts that clarify and order the history of 
modern technology and society. He imaginatively employs biological metaphors 
to furnish insights into technological developments.’ — Thomas P. Hughes, 
University of Pennsylvania 
25.00 


Paperbacks 


Prophets of Regulation 
Thomas K. McCraw 
"A novel, stimulating approach ... McCraw’s effort to clarify the nature of regula- 
tion by carefully integrating biography, history of ideas, and regulatory strategy 
pays handsome dividends." — Washington Post Book World 
Belknap $8.95 


Reality and Rhetoric 
Studies in the Economics of Development 
PT. Bauer 

“Peter Bauer is the world’s foremost authority on economic development ... In 
Reality and Rhetoric, he destroys many popular myths about economic develop- 
ment... His scholarship is devastating, and it will leave sensitive readers with a 
sense of outrage at development economists whose ignorant meddling has dev- 
astated poor and struggling people.’ — Wall Street Journal 





$6.95 


79 Garden Street, Cambridge, MA 02138 
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INTERNATIONAL MONETARY FUND 
STAFF PAPERS 
Published quarterly in March, June, September, and December, Staff Papers 
contains studies prepared by members of the Fund's staff on monetary and 
financial problems affecting the world economy. Articles appearing in the March 
1986 issue are: 

Islamic Interest-Free Banking ...............5+ e... -by Mohsin S. Khan 
Long-Run Equilibrium in a Keynesian Model of a Small Open Economy .... ` 
by Peter Montiel 

Financial Crowding Out: Theory with an Application to Australia ........... 
by Andrew Feltenstein 

Interest Rates, Saving, and Investment in Developing Countries: A Re-examina- 
tion of the McKinnon-Shaw Hypotheses ..... ..........by Lazaros E. Molho 
Wage Indexation and the Real Exchange Rate in Small Open Economies: A 
Study of the Effects of Fluctuations in Export Earnings ....by Daniel Gros 
World Non-Oil Primary Commodity Markets: A Medium-Term Framework 
of Analysis ...............4. .... by Ke-young Chu and Thomas K. Morrison 
Subscription orders for Staff Papers (US$15.00 for a volume, US$4.00 for a single 


issue; special rates—US$7.50 a volume—to university libraries, faculty, and 
students) should be sent to: 


Publications Unit, Box E-272 e International Monetary Fund 
700 19th Street, N.W. e Washington, D.C. 20431, U.S.A. 
Telephone (202) 623—7430 
































Now more powerful than ever... MicroTSP™ 5.0 


... High performance software 
for statistics and forecasting 


MicroI'SP machine specifications: 


Verston 5/0: IBM/PC, XT, AT, and compati- 
bles, 384K RAM, 2 disk drives. 


Now available in enhanced version 5.0, this soft- 
ware package for regression, forecasting, and time 
series analysis—loaded with exciting new 
features—gives you all the power you need to ana- 
lyze time series data and work cross-section prob- 
lems in any field. 





For financial analysis...sales forecasting... cost NEW FEATURES: 
analysis and forecasting...or any other type of a 
time series forecasting or modeling...MicrofSP | E pa memory capacity —up to 32,000 
more than meets your professional needs. f ata points 
į * New techniques: Nonlinear least squares, 
Well-written documentation. fee probit, logit 
320 page User's Manual by Robert Hall, Stanford + Improved hard disk support—no key disk 
Univ. Included with each package: sample data required 
and case studies, regular and 80(2)87 program * Hercules graphics support 
disks. : 
Order now by filling out and mailing the coupon below M Quantitative 
or call TOLL-FREE 1-800-782-3737 (in New York 212-512-2345) M Micro Software 





Clip and mail to: Wifi E.T. Matthews—26th FI. D My check {including local sales tax) is enclosed. 
eye McGRAW-HILL BOOK COMPANY Charge my OVISA CIMASTERCARD Exp. Date. 
I ah 1221 Avenue of the Americas 
New York, NY 10124 Card # 


I want to order MicroTSP. Please send me: Price Signature. 

















© Information on trade-up policy for IBM/PC Name. 

C IBM/PC (5.0) Demo Package 0-07-852207-2 $ 30.00 

C IBM/PC (5.0) 0-07-852205-6 $595.00 Address 

1BM/PC, XT, and AT are registered trademarks of International Business Machines. City tte L ooo Zip. 


MicroYSP is a registered trademark of Quantitative Micro Software. 


PRICES AND TERMS VARY OUTSIDE U.S.--FOR THIS 
INFORMATION WRITE B. MUTINSKY AT ADDRESS ABOVE. 


Payment must accompany order. Check payment to McGraw-Hill Book Co. (Include local 
safes tax}. Disks are not returnable. TSPs 
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—Cambridge—- 


Essays in Honor of Kenneth J. Arrow 
Editors: Walter P Heller, Ross M. Starr, David A. Starrett 


Kenneth Arrow, Nobel Prize Winner and one of the most distinguished economists of his 
generation, is now honored with the publication of three volumes of papers on economic theory. 
Written by major contributors in the field, these volumes combine the best economic theorists 
in the United States together with a smaller number of equally outstanding people from Japan, 
Israel, Britain, and France. 





Volume I: Social Choice and Public Decision-Making 


This first volume consists of ten essays ranging from “Information and invariance in normative 
choice” by Amartya Sen to “On Social Risk Premiums” by David Starrett. 

Contributors: Peter Hammond, Amartya Sen, John Harsanyi, Leonid Hurwicz, Louis Gevers, 
Herbert Scarf, Michael Intriligator, Eytan Sheshinski, David Starrett, David Bradford, 
Robert Lind. 
$34.50 


Volume II: Equilibrium Analysis 


‘Twelve essays ranging from “An exercise in non-Walrasian analysis” by Frank Hahn to 


“Coordination failure under compi markets with applications to effective demand” by Walter P. 
Heller. 


Contributors: Graciela Chichilnisky, Theodore Bergstrom, Nancy Stokey, Ross M. Starr, Yves 
Balasko, Karl Shell, Walter P. Heller, Heinz Koenig, Marc Nerlove, Mordecai Kurz, 


Laurence Weiss, Takatoshi Ito, Frank Hahn, Robert Solow. 
— $34.50 


Volume III: Uncertainty, Information and Communication 


Eleven essays ranging from “Repeated moral hazard with low discount rates” by Roy Radner 
to “Aggregates, activities and overheads” by W.M. Gorman. 
Contributors: Roger Myerson, Roy Radner, John Geanokoplos, Heraklis Polemarchakis, 
` Michael Rothschild, Thomas Marschak, Menahem Yaari, Hajime Oniki, W.M. Gorman, Eric 
` Maskin, Jerry Green, Jean-Jacques Laffont. 
< $34.50 


At bookstores or from 


CAMBRIDGE UNIVERSITY PRESS 


32 East 57th Street, New York, NY 10022 
800-431-1580 (outside New York State and Canada) 
MasterCard and Visa accepted 
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Cambridge— 


New Paperbacks 


United States Taxes and Tax Policy 
David G. Davies 


Using straightforward nontechnical language, this book will help students and laymen alike to 
gain an understanding of how tax policy affects the economy. It supplements and complements the 
theoretical material on taxes found in public finance texts, examining specific applications such as 
econometric studies of the supply of labor, and the relationship of this work to taxes, the Laffer 
curve, and the role and magnitude of the underground economy. 

About $10.95 


Game Theory and Political Theory 
An Introduction 
Peter C. Ordeshook 


This book attempts to integrate the past twenty years of development in formal political theory. 
Professor Ordeshook uses the modern development in the theory of games (decision making with 
multiple, interactive decision makers) as the basis for the synthesis. Topics covered include models 
of elections and of committee processes, the demand and supply of public goods, and surveys of | 
game theory and social-choice theory. 

Paper about $17.95 


The Evolving International Economy 
Graciela Clichilnisky and Geoffrey Heal 


This book focuses on the issues of trade and development, and on the attainment of the major 
development goals of the international community including the rapid development of the third 
world, sustained economic expansion in the industrial countries, and the eradication of deep 
inequalities and of extreme poverty. While these goals are highly normative, this book is descrip- 
tive, focusing on the particulars of market behavior, both at domestic and international levels, 
About $10.95 





Limited-Dependent and Qualitative Variables 


in Econometrics 
G.S. Maddala 


This book presents the econometric analysis of single equation and simultaneous equation 
models where the jointly dependent variables can be continuous, categorical, or truncated. 
“does an excellent job of surveying its chosen topics... fills an important gap in the literature. 
It will no doubt be widely read and used” — Journal of the American Statistical Association 
Econometric Society Monographs 
$18.95 





“Rational Expectations” Examined 
R. Frydman and E. Phelps 
This book reports the proceedings of the conference, “Expectation Formation and Economic 
Disequilibrium, held in New York City, December 1981. 
“,,. After reading this excellent stimulating book the uncommitted reader may well feel that 
_there are several logical or methodological problems which imply that the usual class of models 
which embody the rational expectations hypothesis is unattractive as a basis for some forms of 
economic analysis, in particular macroeconomic policy design... I greatly enjoyed this book and 
can strongly recommend it” — The Economic Journal 
About $14.95 


Individual Forecasting and Aggregate Outcomes 
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The American Economic Association is pleased 
to announce its Minority Fellowship Awards 
for 1986-87 


Daniel Arce, Sylvia Bennett, 
illinois Rice 
Aaron Blackmon, Louise Cordova, 
Maryland California/Berkeley ` 
Vernita Fort, Gabriel Fuentes, 
Maryland . California/ Berkeley 
Bernardo Garcia, Sam Green, 
Yale Northwestern | 
Lester Henry, - Eduardo Kicinski, 
California/San Diego a Wisconsin/ Madison 
Robert Randall, . Eloy Rodriguez, 
Yale California/San Diego 
Arlease Salley, _ Robin Wells, ° 
Howard ee Californta/ Berkeley 
ete Walker, 


The Fellowships are awarded to minority students who are 
enrolled in graduate study toward their Ph.D.’s in Economics. 
- They are funded by grants from The Rockefeller Foundation 
and the Federal Reserve System, and are administered by the: 
AEA Committee on the Status of Minority Groups in the 
Economics Profession ean | 


For more information, write to Barbara Sears, ‘AEA . Fellowship 
Program, Department of Economics, The University of Arizona, 
Tucson, AZ 85721. 
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turn WordPerfect” 


INTO A SCIENTIFIC WORD PROCESSOR. 


, WordPerfect a—?, —Display and print complete Greek and math 

aoe symbol sets. 

—Custom printer definitions and macros included 
free of charge for WordPerfect™ owners. 

—Supports key hardware. 


—Display chip and downloading $75 
_ program included. ‘only 




















Used by the Economics Departments of UCLA, Yale University and MIT. 


DISPLAY CARDS SUPPORTED: All IBM cards (EGA™ software supported), Hercules 
Mono Graphics, Zenith, Compaq, AT&T PC6300, and Leading Edge. 

PRINTERS SUPPORTED: Epson MX, FX, and LQ; Toshiba 1351 and 351; IBM 
Graphics and Proprinter™; and Hewlett-Packard LaserJet™ 


WordPerfect is a trademark of Satellite Software International. EGA and Proprinter are trademarks of IBM. LaserJet is a 
trademark of Hewlett-Packard Co. 


Visa and MasterCard accepted. Proof of Purchase of WordPerfect™ necessary. 


SCIENTIFIC WORD PROCESSING ENHANCEMENTS 
8320 N. Lockwood Ave./Skokie, IL 60077 
Phone: (312) 677-4270 









Jos Openings ror Economists 


Available only to AEA members and institutions that agree to list their openings. 
Annual Subscription Rates 
U.S.A., Canada, and Mexico (first class): $15.00, regular AEA members and institutions 
$ 7.50, junior members of AEA 


All other countries (air mail): l $22.50, regular AEA members and institutions 
i $15.00, junior members of AEA 









Please begin my issues with: 
CJ February O April O June C August O October O December 


Name 








First Middle Last 
Fe a |= ae ee ce re 











City Zip/PostalCode 





State/Country 
Check one: 


(1 | am a member of the American Economic Association. 
C | would like to become a member. My application and payment are enclosed. 
C (Fer institutions) We agree to list our vacancies in JOE. 
Send payment (U.S. currency only) to: 
THE AMERICAN ECONOMIC ASSOCIATION 
1313 21st Avenue South ; 


Nashville, Tennessee 37212 
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AEA sponsored 
Group Life Insurance 
for you and your family— 
at attractive rates! 


The AEA Group Life Insurance Plan can help provide 

‘valuable supplementary protection—at attractive rates—for 
eligible members and their dependents. 

Because AEA participates in a large Insurance Trust 
which includes other scientific and technical organizations, the 
low cost may be even further reduced by premium credits. In 
the past nine years, insured members received credits on 
their April 1 semiannual payment notices averaging over 40% 
of their annual premium contributions. (These credits are based 

- on the amount paid during the previous policy year ending 

September 30.) Of course future premium credits, and their. 

amounts, cannot be promised or guaranteed. 

Now may be a good time for you to re-evaluate your 
present coverage and look into AEA Life Insurance. Just fill out 
and return the coupon for more details at no obligation. 


Administrator, AEA Group Insurance Program 

1255 23rd Street, N.W. H-6 
Washington, D.C. 20037 

Please send me more information about the AEA Life insurance Pian. 


Name Age 





Address 





City State ——— Zip 








MA NE EEE D NS ES OED G 
| 


rP 
in 


Or—call today Toll-Free 800-424-9883 
(Washington, DC area, call 296-8030) 
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“One of the most learned 
and most entertaining 
biographies a famous 
man can have?’ 


—Alexander Rosenberg, 
Los Angeles Times 


“\imost as if he were carving a 
Vea oa: Ba set of Russian dolls...Robert 
Sart Garr Gar aE" Gry ear aren ero Skidelsky brings together the 
| HN M EVAN ARD many aspects of Keynes. ..his 
homosexuality and his monetary 
theories, his active and contem- 
plative sides, the philosopher, 
the aesthete, the mathematician. 


Sarre prs ANT —Christopher Lehmann-Haupt, 
ne pa MO New York Tines 
_ OO, 4A brilliant achievement... Mr. 


ROBERT SKIDELSKY Skidelsky makes vivid the excite- 
eH | 


orf > 


ment of the early 1900s, when 
brilliancy and eccentricity were 
the order of the day.”” 
—Robert L. Heilbroner, 
New York Times Book Review 


At bookstores, or send $24.95 plus 
$2.00 in postage and handling to: 
Dept. JEG-4, Viking Penguin, Inc., 
40 West 23rd St., NY, NY 10010 


Elisabeth Sifton Books -VIKING > 
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The Journal of International 
Economics and Economic 
Integration 


Solicits Papers to Compete for 
the Annual Daeyang Prize in Economics of 


and Welcomes Subscriptions by Interested Parties 


The Journal of International Economics and Economic Inte- 

gration is published biannually by the Institute for International 

Economics, King Sejong University, Seoul, Korea. 

The purpose of the Journal is to support and encourage re- 

search in the area of international trade, international finance 

and other related economic issues that include general pro- 

fessional interest in international economic affairs. 

The Journal welcomes unsolicited manuscripts, which will be 

considered for publication by the Editorial Board. 

The Editorial Board will choose around fourteen manuscripts 

for publication on an annual basis. 

From papers selected for publication, the Prize committee will 

ite the best manuscript(s) to receive the $5,000 Daeyang 
rize. 

The manuscripts should be accompanied by an abstract of no 

more than 100 words and a brief curriculum vitae containing 

the author’s academic career. All submissions should be type- 

written, double-spaced, in English with footnotes, references, 

figures, tables and any other illustrative material on separate 

sheets. 

Three copies of the manuscript and all accompanying material 

should be submitted to the following address by October 31, 

1986 for consideration for 1987 publication. 

For subscriptions to the Journal ($20 per year for individuals, 

$30 per year for institutions), send a check or money order 

payable to King Sejong University to the following address. 


Institute for International Economics 
King Sejong University 
Seongdong-Ku, Seoul, Korea 
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International Trade: 
Surveys of Theory 
and Policy 


Selections from the Handbook of 
Internatlonal Economics 


Edited by RONALD W. JONES, University of . 
Rochester, NY, U.S.A. 


1986 250 pages Paperback 
US $29.75/Dfl. $0.00. ISBN 0-444-87950-1 


Bayesian Inference and 
Decision Techniques: 
Essays in Honor of 
Bruno de Finetti 


Edited by PREM. K. GOEL, Ohio State Univer- 
sity, Columbus, Ohio, U.S.A., and ARNOLD 
re a University of Chicago, Illinois, 
U.S.A, 


STUDIES IN BAYESIAN ECONOMETRICS, 
Volume 6 





1986 about 300 pages 
US $62.50/Dfl. 200.00 ISBN 0-444-87712-6 


Economic Equilibrium 


Model Formulation and Solution 


Edited by A.S. MANNE, Department of Opera- 
Tona mesoarch, Stanford University, Stanford, 
“A, U.S.A. 


MATHEMATICAL PROGRAMMING STUDIES, 
Volume 23 





1985 viii + 252 pages Paperback 
US $30.00/Dfl. 95.00 ISBN 0-444-87883-1 


Cost Allocation 





Methods, Principles, Applications 
Edited by H. PEYTON YOUNG, School of 
Public Affairs, University of Maryland, College 
Park, MD, U.S.A. 

1985 xvi + 206 pages 

US $51.75/Dfi. 140.00 ISBN 0-444-87863-7 


ELSEVIER SCIENCE PUBLISHERS 


P.O. Box 211, 1000 AE Amsterdam, The Netherlands 


For customers in the U.S.A. ard Canada: 
ELSEVIER SCIENCE PUBLISHING CO., INC. 
P.O. Box 1663, Grand Central Station, New York, N.Y. 10163 





» and econometrics. Included are 


ih 


LAA 


ternational Economics. These form a 
cohesive whole, and include a wide 
range of theoretical and applied 
topics, while avoiding burdening the 
reader with analytical detail which 
might stretch beyond his or her in- 
terest or technical expertise. 


' 






The primary objective of this volume i 
to describe the impact of Professor 
Bruno de Finetti’s contributions on 
statistical theory and practice, and to 
provide a selection of recent and ap- 
plied research in Bayesian statistics 


papers (all previously unpublished) 
from leading econometricians and 
statisticians from several countries. 





The volume is centered around CGE 
(Computable General Equilibrium) 
models. The CGE framework providesa 35 
logically consistent way to look at pro- >= 
blems involving more than one economic == 
agent. CGE models require close com- 
munication between several distinct 
disciplines: policy analysis, algorithm - 
design and the estimation of consumers’ 
demands and producers’ supplies. Each 
of these groups is represented. 








Cost Allocation is concerned with the problem 
of how to share the common costs of an enter- 
prise fairly among its beneficiaries. This impor- 
tant issue has, until recently, received relative- 
ly little attention in the economics and account- 
ing literature. This book fills that gap by giving 
an in-depth treatment of recent theoretical ad- 
vances. A series of case studies cover a broad 
range of practical problems, including telecom- 
munication pricing, airport landing fees, and 
multipurpose reservoir charges. It also con- 
siders the broader fairness issues inherent in 
the pricing of public services. 



































NH/ECON/BKS/0936 
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The Overburdened Economy 

Uncovering the Causes of Chronic 

Unemployment, Inflation, and National Decline 

LLOYD JEFFRY DUMAS 

Preface by Kenneth Boulding 

“This is a very important book. A statement of this kind is not always easy to 

justify. It may take years to prove, but it is my considered judgement.” 
—Kenneth Boulding 


“This is a book of real substance by a scholar of high competence.” 
$18.95 —John Kenneth Galbraith, Harvard University 


Prosperity and Upheaval 

The World Economy 1945-1980 

HERMAN van der WEE 

In this sixth volume of the prestigious series History of the World Economy in the 
Twentieth Century, economic historian van der Wee surveys the wholesale 


economic reforms that followed the end of World War II and traces their suc- 
cesses and failures through 1980. $32.50 


The World in Depression, 1929-1939 
CHARLES P. KINDLEBERGER 

“The best book on the subject, and the subject, in turn, is the economically 
decisive decade of the century so far.”—John Kenneth Galbraith 

$38.50 cloth, $10.95 paper Revised and Enlarged Edition 


Strategies for African Development 

Edited by ROBERT J. BERG and 

JENNIFER SEYMOUR WHITAKER 

“This ambitious collection of essays... brings together a number of distinguished 
contributors and some truly outstanding essays to explore the main parameters 
of the lack of African development and the prospects for development in the 
future.”—Carl G. Rosberg 

$39.50 cloth, $15.95 paper 


The Politicized Market Economy 

Alcohol in Brazil’s Energy Strategy 

MICHAEL BARZELAY 

Foreword by Albert Fishlow 

“An insightful discussion of the interplay between government policy decisions 
and private sector behavior that is highly valuable to anyone involved with the 


Brazilian economy.”—Robert Slighton, The Chase Manhatten Bank 
$32.50 


At bookstores or call toll-free 800-822-6657. Visa and MasterCard only. 
University of California Press e Berkeley 94720 
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YOU DEMAND QUALITY ECONOMIC TEXTBOOKS 
... DRYDEN SUPPLIES THEM. 


1987 REVISED TITLES 


PUBLIC FINANCE: 

A CONTEMPORARY APPLICATION 
OF THEORY TO POLICY, 2/e 

DAVID N. HYMAN 

Carefully integrates theory and policy applica- 


tions to offer a comprehensive treatment of 
public finance. 


ISBN 0-03-007498-3 654 pp. 
Available September 1986 


INTERMEDIATE MICROECONOMICS 
AND ITS APPLICATION, 4/e 

WALTER NICHOLSON : 
Offers a concise, non-technical presentation of 
the basic theories of microeconomics with excel- 
lent applications. 

ISBN 0-03-007799-0 692 pp. 


MANAGERIAL ECONOMICS, 5/e 
JAMES L. PAPPAS 


Uses a practical problem solving approach to 
applied microeconomics. 


ISBN 0-03-008543-8 640 pp. 


FINANCIAL INSTITUTIONS, . 
MARKETS AND MONEY 

DAVID S. KIDWELL and RICHARD L. 
PETERSON 

Provides a balanced introduction to the U.S. 
financial system and its primary institutions and 
markets. 

ISBN 0-03-007628-5 690 pp. 

Available October 1986 


OUTSTANDING 1986 TITLES 


*ECONOMICS, 4/e 
EDWIN G. DOLAN 
ISBN 0-03-005447-8 944 pp. 


ECONOGRAPH 
CHARLES LINK, JEFF MILLER, and EDWIN G. 
DOLAN 


ISBN 0-03-005458-3 (disk) 

ISBN 0-03-005462-1 (manual) 64 pp. 
ECONOMICS: THEORY AND 
PRACTICE, 2/e 

PATRICK J. WELCH and GERRY F. WELCH 
ISBN 0-03-004879-6 528 pp. 


THE ECONOMICS OF LABOR 
MARKETS AND LABOR 
RELATIONS 

BRUCE E. KAUFMAN 

ISBN 0-03-070743-9 640pp. . 


MACROECONOMIC DECISION 
MAKING IN THE WORLD ECONOMY: 
TEXT AND CASES 


. MICHAEL G. RUKSTAD 


ISBN 0-03-006552-6 608 pp. 


HOW TO ORDER: For more information contact your local Dryden Press sales representative or write 
on your college letterhead to: Keith Collins, Dept. D19-AER-9, The Dryden Press, PO. Box 68, 


Lavallette, NJ 08735. 


OO THE DRYDEN PRESS 


383 MADISON AVENUE, NEW YORK, NY 10017 


YOUR ECONOMICS PUBLISHER 
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LEXINGTON BOOKS 


MULTINATIONALS, TECHNOLOGY, AND INDUSTRIALIZATION 

Implications and Impact in Third World Countries 

Katherin Marton, Fordham University 
This book examines how MNCs transfer technologies to the Third World and 

how the relationships with host countries are:changing. It is based on extensive 

research, including field visits to and interviews with representatives of 

institutions, enterprises, and governments in several developing countries, as 

well as industrialized countries. 

ISBN 0-669-13209-8 320 pages $32.00 


THE POLITICAL ECONOMY OF LATIN AMERICAN 
DEFENSE EXPENDITURES 
Case Studies of Venezuela and Argentina 
Robert E. Looney, Naval Postgraduate School 
Foreword by Martin Needler 

This original analysis yields a reliable means of predicting changes in Latin 
American military spending. Looney compares military expenditures in Latin 
America with those of developing countries in the rest of the world and 
consistently finds that economic variables explain patterns of military spending 
more fully than social or political variables. 
ISBN 0-669-12928-3 August 352 pages circa $27.00 


HOW OPEN IS THE U.S. ECONOMY? 
R. W. Hafer, editor, Federal Reserve Bank of St. Louis 

The contributors to this volume engage in a heated debate over foreign 
influence on the domestic economy. They approach the question of openness in 
a variety of ways, from theoretical discussions about the effects on policy to 
sophisticated econometric tests of interdependence between the U.S. and other 
countries. Contributors include Richard N. Cooper, Jeffrey A. Frankel, John 
Kuszczak, John D. Murray, Benjamin M. Friedman, Jacob A. Frenkel, and Ronald 
I. McKinnon. 
ISBN 0-669-13086-9 272 pages $27.00 


THE REVIEW OF AUSTRIAN ECONOMICS 

Volume I 

Murray N. Rothbard, editor, University of Nevada at Las Vegas 
Announcing the inauguration of a new annual devoted to the latest research 

in the field of Austrian economics. The distinguished contributors to this first 

volume include Henry Hazlitt, Leland Yeager, Lowell Gallaway, Richard K. 

Vedder, Richard Timberlake, Jr., William Keizer, E.C. Pasour, Jr., and Gene 

Smiley. . 

ISBN 0-669-12892-5 October 256 pages circa $30.00 





Lexington Books, D.C. Heath 
125 Spring Street, Lexington, MA 02173 DG Heath 
(617) Ha i or (800) 235-3565 ` A Rayfhaan Company 
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LEXINGTON BOOKS 


REGULATING GOVERNMENT 
Dwight R. Lee, University of Georgia, and Richard B. McKenzie, Clemson 
University 

In this lucid, thought-provoking book, Lee and McKenzie explain how 
constitutional economics can keep government power from growing beyond its 
proper boundaries. They provide a clear description and assessment of 
government economic activity, examining current fiscal, monetary, and 
redistributive activities, and contrasting them with the limitations set forth in the 
Constitution. 
ISBN 0-669-13443-0 October 224 pages $22.95 


BANK COST, STRUCTURE, AND PERFORMANCE 
James Kolari and Asghar Zardkoohi, Texas A&M University 

A comprehensive treatment of the new cost economies of banking. After a full 
survey of the financial services industry, the deregulatory movement, and the 
resulting technological explosion in banking, the authors explore the new costs 
of conducting business in the banking world. They present the basic concepts of 
economies of scale and scope in a competitive market context, and introduce 
up-to-date research, much of which is unavailable elsewhere. 
ISBN 0-669-11282-8 September 224 pages circa $27.00 


TELECOMMUNICATIONS IN THE POST-DIVESTITURE ERA 
Albert L. Danielsen and David R. Kamerschen, editors, 
University of Georgia 

A collection of timely, in-depth analyses of how the telecommunications 
environment is now taking shape and what the new levels of competition mean 
for business and consumers. Spanning the entire spectrum of the debate, the 
contributors discuss such issues as regulation and the decision-making process at 
the state level, companies’ response to regulation, pricing in a semiregulated 
market, and the influences of regulation and competition on technological 
development. 
ISBN 0-669-13445-7 192 pages $25.00 


MARKETING CHANNELS: RELATIONSHIPS AND PERFORMANCE 
Luca Pellegrini, Bocconi University—Milan, and Srinivas K. Reddy, New 
York University, editors 

This state-of-the-art review of market distribution channels and their impact 
on business performance presents the latest research at the interface of 
economics and retail management. The first section looks at vertical distribution 
arrangements from an economic viewpoint. The second deals with relationship 
management and the critical and often complex task of coordinating marketing 
channels. The fina! section covers issues of practical concern to retail managers. 
ISBN 0-669-13158-X 224 pages $29.00 


Lexington Books, D.C. Heath 
125 Spring Street, Lexington, MA 02173 DG Heath 
(617) 860-1204 or (800) 235-3565 A Raytheon Company 
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Look to Si. Martin’s in 1987 


for these New ECONOMICS titles 


Economic Issues Today 

ALTERNATIVE APPROACHES Fourth Edition 

ROBERT CARSON, College at Oneonta, SUNY 
ECONOMIC ISSUES TODAY: ALTERNATIVE APPROACHES, Fourth Edition, 
examines sixteen current economic issues from three different ideological - 
perspectives—conservative, liberal, and radical. The author uses contemporary, 
relevant issues enhanced by charts, tables, and graphs to bring basic economic 
concepts.and theories to life. New to this edition is a chapter on government 
deficits, and the chapter on environmental economics now deals with acid rain. 


Also available in two separate paperbound volumes: 


Microeconomic Issues Today 
ALTERNATIVE APPROACHES Fourth Edition 


Includes complete introduction and conclusion, and covers the eight micro- 
economic issues. 


Macroeconomic Issues Today 

ALTERNATIVE APPROACHES Fourth Edition 
Includes complete introduction and conclusion, and covers the eight macro- 
economic issues. Paperbound. Publication: November 1986 
Economic Issues Today, Fourth Edition 384 pages (probable) 
Microeconomic Issues Today, Fourth Edition 224 pages (probable) 
Macroeconomic Issues Today, Fourth Edition 224 pages (probable) 
Prepublication copies available in September 1986. 


International Political Economy 

PERSPECTIVES ON GLOBAL POWER AND WEALTH 

JEFFRY A. FRIEDEN and DAVID A. LAKE, both of UCLA 
The first comprehensive reader on the politics of international economic relations 
designed for use by undergraduates, INTERNATIONAL POLITICAL ECONOMY: 
PERSPECTIVES ON GLOBAL POWER AND WEALTH examines the three major 
theoretical perspectives of international political economy—Liberalism, Marxism, 
and Realism—and covers a wide variety of issues, focusing on international invest- 
ment, money, and trade. While the readings trace the evolution of international 
political economy, they also discuss current issues such as the international debt 
crisis. Paperbound. Publication: November 1986 500 pages (probable) 

Prepublication copies available in October 1986. 


To request an examination copy of any of these titles, please write us on your college let- 
terhead specifying your course title, present text, and approximate enrollment. Send your 


si ge eee ee NL Oe OO 
Department JR, 175 Fifth Avenue, New York, New York 10010 SMP 
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DEREGULATION AND THE PUBLIC INTEREST 





electric 


Deregulation 


and the 


Public Interest 
edited by 
John. Moorhouse 


foreword by 
Harold Demsetz 


Pacific Institute for Public Policy Research 


ELECTRIC POWER 
Deregulation and the Public Interest 


Edited by JOHN C. MOORHOUSE 
Foreword by HAROLD DEMSETZ 


Sixteen energy economists examine the inflex- 
ible and outmoded regulatory structure of the 
electric power industry and challenge the scale 
economies underlying the traditional, static 
“natural monopoly” theory of utilities. John 
Moorhouse and his colleagues analyze utility 
commission behavior, investment decisions, 
strategies for environmental protection, and 
the potential for deregulation of the electric 
power industry. 

Electric Power demonstrates that govern- 
mental regulatory and subsidy policies have led 
directly to the many real-world problems facing 
the industry today. Deregulating the electricity 
markets, say the authors, will improve inter- 
fuel competition, and create opportunities for 
real solutions—decentralized self-generation, 
co-generation, direct competition (for heavy 
industrial users) between electric utilities, 
and bulk wheeling. 

‘An excellent study that combines empirical work with 
modern economic analysis.” 

~KENNETH G. ELZINGA 

University of Virginia 
‘An extraordinarily stimulating collection of essays 
on some extremely controversial topics? 

~JOHN ANDERSON 

Electricity Consumers Resource Council 


500 pages, cloth 0-936488-11-5, $34.95 
paper, 0-936488-02-6, $14.95 


David 
Glasner 


PAUL W MacAVOY 





PACIFIC INSTITUTE FOR PUBLIC POLICY RESEARCH 


POLITICS, PRICES, 

AND PETROLEUM 

The Political Economy of Energy 
By DAVID GLASNER 

Foreword by PAUL W MacAVOY 
Introduction by BENJAMIN ZYCHER 


This volume demonstrates that the years of 
chaos in the petroleum market (1973—1979) were 
the inevitable consequence of a chain of faulty 
government actions that began in the 1950s, 
grew to a crescendo with the creation of the 
Federal Department of Energy, and still sets the 
stage for a future energy catastrophe. Energy 
economist David Glasner concludes that the 
energy crisis is the product of political, bureau- 
cratic, and business interests that benefit from 
government restrictions on energy markets. 

‘A healthy antidote for the too-widely shared view that price 
controls for oil and natural gas can protect the economy, 

the nations security, or the consumer” 


-GRANT P THOMPSON 
Conservation Foundation 


“A superb job of describing and analyzing the economics 


and politics of energy regulation.” 
-JOURNAL OF ECONOMIC LITERATURE 


297 pages, cloth 0-88410-953-4, $34.95 
paper, 0-88410-954-2, $12.95 





Available at better bookstores, or from 
PACIFIC INSTITUTE, 177 Post Street, 
Dept. A, San Francisco, CA 94108 


PACIFIC = 
INSTITUTE. 


FOR PUBLIC POLICY RESEARCH 


i) 
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New and Noteworthy 


The MIT Dictionary of Modern Economics 

Third Edition 

edited by David W Pearce 

‘A detailed, up-to-date reference that goes beyond basic economic terms to 
explain concepts, detail theories, describe the contribution of major econo- 
mists, and define the economic perspective on selected business and social 
science items” — Business Book Review $12.50 paper (Cloth, $35.00) 


New 
The Collected Scientific | 
Papers of Paul A. Samuelson _. 


Volume 5 

edited by Kate Crowley 

“It is a measure of Professor Samuelson’s 
preeminence that the sheer scale of his work 
should be so much taken for granted,” 
observes a reviewer in the Economist who 
goes on to note that “a cynic might add that it 
would have been better for Professor Samuel- 
son to write less merely to give others a 
chance to write at all.” 

Volume 5 collects 108 important contributions 
to the literature of economics. Volumes 1 
through 4 are also available. 1,00 pp. $65.00 


New 


The International Monetary System 

Essays in World Economics 

Richard N. Cooper 

Richard Cooper evaluates the criticism that nations today have poor economic 
policies and proposes that a system of more sharply defined rules could impose 
constructive discipline on national economic policies. He discusses trade 
restrictions, exchange rate management, international payments, and the 
possibility of establishing a common currency for the industrial democracies. 


. . . r $27.50 
Indexing, Inflation, and Economic Policy 
Stanley Fischer 
In this collection of essays, Stanley Fischer shows how mainstream macro- 
economics can contribute scientifically and socially useful analyses of policy 
issues and public controversies. $25.00 


Dollars, Debts, and Deficits 

Rudiger Dornbusch 

These essays address the key current policy issues in open economy macro- 

` economics: the strong dollar, LDC debt problems, and deficit financing. Dorn- 
busch brings a common political economy perspective to bear on the issues, 
revealing that more than ever, modern macroeconomics is useful as a frame- 
work for active policy. $20.00 








~The MIT Press 


28 Carleton Street, Cambridge, MA 02142 
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New 


Lives of the Laureates 

Seven Nobel Economists 

edited by William Breit and Roger W. Spencer 

Pau! Samuelson + Milton Friedman - James Tobin - Arthur Lewis 
Lawrence Klein - George Stigler - Kenneth Arrow 


Lives of the Laureates brings a fresh perspective to the science of 
economics. Seven Nobel prizewinning economists present their own 
personal and professional development in a series of essays that convey 
the nature and significance of their contributions in a remarkably accessi- 
ble fashion. $13.95 


New 


Japanese Financial Markets 

Deficits, Dilemmas, and Deregulation 

Robert Alan Feldman 

“Robert Feldman’s lucid account explains Japan's rise to the front rank among 
international capital markets, and analyzes the consequences for the domestic 
Su world economies." — Stanley Fischer, MIT $2 


Supertairness Microtheory 

cations and Theory Applications and Origins 
Wiliam J. Baumol . William J. Baumol 
Superfairness is a stunning display of These essays provide an en- 
applied and theoretical microeconomics, gaging intellectual history of one 
addressing the problem of how to analyze of the leading figures in the field 
the fairness of the distribution of resources, | of economics. $35.00 
product, income, and wealth arising from ' 


economic decisions. $20.00 





Now in paperback for your courses 


An Introduction to Risk and Return from 


Common Stocks 

Second Edition 

Richard A. Brealey 

“Rates high as reading for every professional investor” — The New York Times l 
“At last, a clear, lucid, simplified discussion of risk/return principles in equity 
investing. . . . A work like this is worth any six books on how to get-rich-quick. 
Should be a staple in any investment library.’ — The Stock Market Magazine 


Innovation and Growth $7.95 paper 


Schumpeterian Perspectives 

F. M. Scherer i 

“The book is most successful in-utilizing case studies to test theoretical proposi- 
tions. . .. The mixture of theory, history, and factual data illuminates the ration- 
ale for the behavior of firms and industries and the results of their innovation.” 

— Finance & Development . $10.95 paper 
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Examine the changin 
economic structure o 
American business 


THE MICROECONOMIC 
ROOTS OF THE FARM 
CRISIS 

James Lowenberg-DeBoer 


What led to the financial crisis facing 
today’s farmers? And how can policy- 
makers guard against such devastating 
situations in the future? The Micro- 
economic Roots of the Farm Crisis is the 
only book to focus on the farm level 
sources of the problem. The book covers 
such areas as investment choices, 
handling of debt load, and hoidings of 
liquid assets. In addition, the book 
suggests policy strategies for the future. 
$31.95 (tent.) 192 pages (tent.) 

August 1986 


ORGANIZATIONAL 
TRANSFORMATION 
Approaches, Strategies, and 
Theories 

Amir Levy and Uri Merry 


Takeover and the changing economic 
climate have brought about radical 
changes in the way companies operate. 
Organizational Transformation is the first 
book to analyze how organizations make 
it through difficult periods. Based on case 
studies drawn from a variety of industries, 
such as mental hospitals, schools, manu- 
facturing companies, and the American 
Wildlife Society, this book offers practical 
advice on development strategies for 
managers and organization consultants. 
$35.95 (tent.) 272 pages (tent.) 

August 1986 


CONSUMER BEHAVIOR 
AND ENERGY POLICY 
An International Perspective 
edited by Erie Monnier and 
George Gaskell, et a.. 


Based on the Second International 
Conference on Consumer Behavior and 
Energy Policy, here is the first book to 
present— on a multinational scale — the 
latest research on the non-technical 
barriers to energy conservation in the 
residential sector. The papers, presented 
by a multitude of policy-makers, 
practitioners, and researchers, cover a 
multitude of approaches. They examine 
present conservation programs and 
explain techniques for better 
implementation in the future. 
$36.95 (tent.) 304 pages (tent.) 

August 1986 


THE FUTURE OF 
ELECTRICAL ENERGY 

A Regional Perspective of an 
Industry in Transition 


edited by Sidney Saltzman and 
Richard €. Schuler 


These papers explore the rapidly 
changing forces buffeting the electric 
utility industry— its costs of production, 
the public attitudes toward nuclear 
power, utilities and regulatory agencies, 
and the many domestic and international 
economic, environmental, social, and 
political considerations that affect 
electricity supply and demand. 
$35.95 (tent.) 272 pages (tent.) 

August 1986 


PRAEGER PUBLISHERS 


A Division of Greenwood Press, Inc. 
88 Post Road West P.O. Box 5007 Westport, CT 06881 
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HIGH TECH AMERICA 


The What, How, Where and Why of the Sunrise Industries 
A. Markusen, P. Hall and A. Glasmeier 
The high tech industry has become the instant economic solution to the problems of declining 
smoke-stack industrial cities and regions. This is the first comprehensive attempt to answer key 
questions about it. No mere almanac, the study develops a set of interlocking theoretical ex- 
planations for the patterns and trends of high tech. And in the process, it upsets some cherished 
myths about the recipe for local high tech growth. 7986 256pp. HB $19.95 0-04-338139-1 


ALTERNATIVE SYSTEMS OF BUSINESS 
ORGANIZATIONS AND WORKERS’ REMUNERATION 


James E. Meade 
In this volume, Meade builds a simplified mathematical model of an economy composed of 
diverse, independent firms operating in an imperfectly competitive market. He then compares 
the different outcomes such firms—each firm with a different pay structure—would have on employ- 
ment and prices. 71986 180pp. HB $24.95 0-04-331112-1 


NEW FIRMS: 


An Economic Perspective 
Peter Johnson 
Although research on new firms has grown in recent years, relatively little attention has been 
given to the economic analysis of such firms. This book pays particular attention to what con- 
stitutes a new firm, and to the nature of entrepreneurship. It emphasizes the importance of analyz- 
ing the economic inter-relationships between a new firm and established firms. 7986 224pp. 
HB $29.95 0-04-330359-5 


now in paperback 


KEYNESIANISM VS 
MONETARISM ALLEN 
Charles P. Kindleberger : 


“All [21 essays] are informed by wide reading & 

of the pertinent literature as well as a strong 

sense of history and the inter-relatedness of 

events. The essays contain much wit and U NWI N 
wisdom ... sample the essays if you wish to 

learn why some gadflys are honored rather than 


swatted.” Journal of Economic History 7986 
200pp. PB $10.95 0-04-332129-1 


8 Winchester Place 


FLYING OFF COURSE Winchester, Massachusetts 


The Economics of International Airlines 

Rigas Doganis 01890 

ae supply and ati is the fundamen- 

tal issue in improving the financial record of 

airlines. This comprehensive, up-to-date book Toll Free 800-547-8889 
discusses ibe sap eta of n opera- In MA and Canada 
tions, regulations and deregulations of interna- 

tional air transport, costs, demand, pricing, 617-729-0830 


freight traffic, and growth of charter service. 
1986 300pp. PB $12.95 0-04-387005-8 
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FOR SECOND SEMESTER 


onsult 
Our List of 
Experts in 
Economics 








' MACROECONOMICS 


Serene lea aa Bee Ae Sena oe ae | 








ECONOMICS 

Robert B. Ekelund, Jr., and 

Robert D. Tollison 

This exciting new principles text is already drawing 
overwhelming praise from professors and student 
users at over 100 schools across the country for its 
outstanding clarity. Through hundreds of relevant 
examples drawn from public policy issues, eco- 
nomic literature, historical material, business appli- 
cations, and consumer behavior, Professors Ekelund 
and Tollison present the basic principles of micro- 
and macroeconomics in a way students can under- 
stand and appreciate. Broad yet unified coverage 
clearly depicts the vital connection between the 
abstract world of theory and the concrete world of 
contemporary issues and events that students see 
around them. 


Special features include: * “Economics in Action” 
boxes, exploring such topics as mass transit and the 
prisoner's dilemma and automobile style change 

e “Focus” sections in each chapter, discussing such 
issues as takeover strategies and taxation® “Point- 
Counterpoint,” in which the theories of important 
economic thinkers are compared and contrasted 

e hundreds of attractive graphics and photographs 
e excellent coverage of modern monetarism. 


#231231/912 pages/cloth/with Instructor's Manual, 
Student Guide, Test Bank (in booklet form or on 
diskette for IBM PC, Apple II, or compatibles), and 
Transparency Masters 


Also available in paperback for “split” format of 
either microeconomics or macroeconomics. 


MICROECONOMIC THEORY 
AND APPLICATIONS 

SECOND EDITION 

Edgar K. Browning and 

Jacquelene M. Browning 

Hundreds of professors and thousands of students 
using the Brownings’ First Edition have benefited 
from the authors’ successful formula for teaching 
microeconomics. Continuing their thorough 
exposition of the principles of microeconom- 
ics—through an innovative applications ap- 
proach—the Brownings have retained the highly 
praised clarity of the First Edition. Stil! focusing on 
four core areas—the theories of consumer choice, 
competitive markets, monopolies, and input mar- 
kets—this Second Edition features new applications 
such as automobile import quotas and peak load 
pricings and a revised chapter on oligopoly that pre- 
sents new material on game theory. The text's sup- 
portive pedagogy includes tables and graphs, 
chapter summaries, and more than 100 

new end-of-chapter questions. 


#112356/637 pages/cloth/with Instructor’s Manual, 
Study Guide, and Workbook 
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NEW EDITION AVAILABLE! 
MACROECONOMICS 

FOURTH EDITION 

Robert J. Gordon 

‘Through three successful editions, Gordon’s text 
has been acclaimed as the intermediate macro text 
that best integrates modern theory with real-world 
cases. While continuing this tradition, the new 
Fourth Edition also represents the most thorough 
revision to date. Within a modern Keynesian frame- 
work, the text provides a unified analytical presen- 
tation; at the same time, it acknowledges current 
controversies such as the differences between the 
new Keynesian model and the alternative new clas- 
sical and monetarist models. Macroeconomics has 
also been carefully streamlined to emphasize eco- 
nomic intuition and mode! development. In addi- 
tion, throughout the text there is increased empha- 
sis on the importance of the global economy in 

the 1980s. 


Special features of the Fourth Edition include:¢ a 
new chapter (5) that combines outstanding cover- 
age of the debt and the dollare a new, clearer de- 
sign with marginal boldfaced definitions of key 
terms © a simplified and modern analysis of infla- 
tion and unemploymente and more. 


#321419/688 pages/cloth/with Instructor's Manual, 
Student Workbook, Computerized and printed Test 
Bank, and The Gordon Update newsletter/available 
in November for examination 


THE ECONOMICS OF 

MONEY, BANKING, AND 
FINANCIAL MARKETS 

Frederic S. Mishkin 

An unqualified success in its first year of publica- 
tion, this exciting, contemporary text gives students 
a framework for comprehending change and inno- 
vation in the dynamic world of modern banking, 
money, and financial markets. Interaction of the- 
ory and data is emphasized through numerous 
real-world applications that enable students to 
understand the underlying issues in current pol- 
icy debates. Already in use at more than 200 
schools nationwide, Mishkin has set a new stan- 
dard for Money and Banking texts. 


Special innovative tools in the text engage students 
in the study of Money and Banking: « “Following 
the Financial News” boxes help them interpret data 
and news articles reported in the presse “Special 
Interest Boxes” generate student interest in current, 
chapter-related issues e “Study Guides” highlight 
difficult concepts * “Questions and Problems” elicit 
thoughtful analysis from students. 

#574767/731 pages/cloth/with Instructor’s Man- 


ual, Study Guide and Workbook, and Computerized 
Test Bank 


REGULATORY REFORM 

What Actually Happened 

Leonard W. Weiss and Michael W. Klass 
Leading experts contribute case studies of recent 
regulatory reforms and examine their actual effects 
on the industry involved. 


#928984/316 pages/paper 


THE ECONOMICS OF 
ANTITRUST 

Don E. Waldman 

Combining case presentations and economic analy- 
sis, these tightly edited excerpts of court decisions 
emphasize the economic arguments involved while 
considering the major legal elements of antitrust 
case decisions. 


#917915/320 pages/paper 


INTERNATIONAL TRADE 

AND FINANCE: READINGS 
THIRD EDITION 

Robert E. Baldwin and J. David Richardson 
Extensively revised, this well-known reader con- 
tains engaging articles on current topics, written by 
prominent experts, with updated part introductions 
linking the articles together. 


#079278/550 pages/paper 


ittle, Brown 
and Company 


COLLEGE DIVISION 
34 BEACON STREET 
BOSTON, MA 02108-1493 
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Uncompromising statistics 


Mainframe statistical. packages are mostly used out of habit. 
Microcomputer statistical packages are used just because they are 
available. It’s time to pick a statistical environment because it 
suits your needs, whether it be on a micro or a mainframe. And 
it doesn’t have to cost a lot. 


Statistical Software Tools is an integrated, interactive 
environment for database management, data analysis, estimation 
and inference. Without compromises. Available now for MS- 
DOS, Unix and VAX/VMS computers. 


Enter data interactively or transfer files directly from other 
popular programs. Full data manipulation capabilities and a con- 
venient system file format. 


Tabulate data. Compute descriptive statistics. Regressions 
and regression diagnostics without hassle. Character plotting for 
all devices. Full graphics if you have a graphics card. 


Statistical procedures include ordered probit and logit, multi- 
nomial logit, maximum likelihood estimation for user-deiined 
problems. Econometric estimation including simultaneous equa- 
tions, Tobit models and random utility models. 


Fully programmable. User defined functions and macros. 
Procedures including control Joops. And much more. 


Powerful computing for those who know how to use it. Yet 
easy to use with a simple command language. All clearly and 
thoroughly explained in a User's Guide and Reference Manual. 


There is only one feature which is limited. The price. Only 
$100 for the IBM PC and compatibles. Requires 384K RAM. 
8087 numeric coprocessor recommended. Order from 
Dubin/Rivers Research, 1510 Ontario Avenue, Pasadena, Cali- 
fornia 91103. Or call (818)577-8361. 


Sst 


MS-DOS is a trademark of Microsoft Corp. Unix is a trademark of AT&T Bell Laboratories, 
VAX is a trademark of Digital Equipment Corp. IBM PC is a trademark of International 
Business Machines Corp. 



















THE NEW 


Fourth Edition 


A classic—made even more relevant 
by the passage of time—and now 
available in an updated new edition 


INDUSTRIAL STATE 


By JOHN KENNETH GALBRAITH 


Many points of Galbraith’s basic thesis have received 
strong support through the nearly twenty years that 
have passed since the publication of his classic. For his 
new edition, he has made a good book even better by 
adding a new 25-page Introduction. In witty and lucid 
prose, he assesses the changes in economic thought 
over the past two decades and the continued relevance 
of the ideas he introduced in this book. 


@MENTOR 0-451-62511-0 $4.95/$5.95" . 


Write to the Education Department at the address below for a free History, 
Political Science and Economics catalog 


NEW AMERICAN LIBRARY Ni Al 
1633 Broadway, New York, NY 10019 





Also of interest 


THE 
EDUCATION 
OF DAVID 
STOCKMAN 
Revised Edition 
By WILLIAM GREIDER 


The famous Atlantic 
article, expanded and 
updated in light of 
subsequent events. 
DUTTON Trade 
Paperback 
0-525-48276-8 
$6.95/$10.95* 


*Price in Ganada 
Prices subject to change 
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BALLINGER 


THE ECONOMICS OF 
TELECOMMUNICATIONS 
Theory and Policy 

John T. Wenders 

This book explains the economic and 
political forces behind the divestiture of 
AT&T and the appearance of widespread 
competition in the telecommunications 
market. Wenders develops a framework 
for understanding the economic basis for 
the regulation of the telecommunications 
industry and then argues that deregulation 
of the industry will be beneficial He 
proposes rapid changes such as raising 
toll prices, lowering local residence prices, 
and implementing local measured service. 


BENEFIT, COST 

AND BEYOND 

The Political Economy of 
Benefit-Cost Analysis 

James T. Campen 

The first substantial study of beneit 
cost analysis (BCA) from the perspective 
of radical political economies. Campen 
presents the historical evolution and 
central features of BCA and carefully 
reviews and assesses the recent contro- 
versies among mainstream social scientists 
about BCA’s proper role. After examining 
the rise of BCA and the process of public 
policy determination, Campen suggests 
alternative methods, such as participatory 
democracy, for evaluating proposed public 
expenditures and regulations. 


1986 384 pages 0-88730-119-3 $34.95 1986 256 pages 0-88730-106-1 $29.95 


ae MANAGED TRADE 
The New Competition Between Nations: 
| Raymond J. Waldmann 
The basic principle of free trade - that traders, Dinine and investors should be able - f 
to make trade decisions based oñ market signals, -with little orno government interference 
| is espoused by most governments. In the last few decades, however, managed trade ~ the 
conscious control of trade and investment by governments- has expanded despite rhetoric 
to the contrary. Waldmann holds that free trade is currently impossible, and he proposesa |. | 
new policy of reciprocal trade whereby access to market power can be used to achieve wider 
adherence to free trade. 
October 1986- „256 pages 
ERE EA 








088730-119376. REN 95 
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YES! Please send me: a 
__— BENEFIT, COST ... (6610711) $29.95 postage/h ERE tax : ry 
__. THE ECONOMICS ... (6610844) $34.95 05266 pancing 19. kj B 
 — MANAGED TRADE {6611065} $29.95 Prepaid orders are postage free! E 
O Payment enclosed O Bill me TOTAL $ J 
Charge my O MC O VISA O AMX Peete abject to = 
ae Exp. date____ Shift edie 
ee tier | BALLINGER 
Send to: If you order by a ge 
i ancien Harper & Row 
order cade is Order Department 
Zip AAER986 2350 Virginia Avenue, Hagerstown, MD21740 





(800) 638-3030 
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Ford Foundation Fellowships in 


European Society and Western Security 


Harvard University’s Center for International Affairs and 
Center for European Studies, in collaboration with the Ford 
Foundation, announce dissertation and post-doctoral support 
for research on the relationship between European society 
and Western security. This program places special emphasis 
on major policy issues and alternatives facing Europeans in 
the field of security, broadly defined, and the internal factors 
that influence European choices among these alternatives. 
The centers are particularly interested in building bridges 
among the social sciences and between European studies and 
strategic/defense studies. Fellows selected will spend the 
1987-88 academic year at the Center for International Affairs 
and the Center for European Studies pursuing their studies 
in the Fellowship topic area and participating in a research 
seminar. The Dissertation Fellowship carries a stipend of 
$11,000 and the Post-Doctoral Fellowship, a stipend of $22,000. 
The deadline for applications is February 17,.1987, and com- 
mittee will reach a decision by April 1, 1987. For more informa- 
tion, write: Fellowship Office, Room 402, Center for Interna- 
tional Affairs, Harvard University, 1737 Cambridge St., Cam- 
bridge, MA 02138; or call (617)495-1669. 
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Oxford : 


World Development 


Report 1986 

THE WORLD BANK 

Acclaim for a previous edition: 

“The most useful single source on current 
global development trends.”——John Adams, 
University of Maryland 

The World Development Report is recognized 
internationally as an essential, fact-filled 
resource for economists, planners and 
policymakers, bankers and business people, 
journalists, and development professionals of 
all kinds. The 1986 edition focuses on the role 
of governments in agriculture and shows what 
their pricing and trade policies mean for 
economic development. Beginning with an overview of the world economy, this 
edition then considers such topics as agricultural policies in developing countries 
related to trade, exchange rates, taxes, prices and subsidies, and marketing. It 
suggests that the gradual liberalization of agricultural trade should be a high 
international priority. World Development Report 1986 examines the problems 
that arise when industrial countries subsidize their farmers and developing 
countries discriminate against theirs. Both of these policies inflict losses upon the 
countries concerned by wasting resources: food production is encouraged in 
industrial countries where it may be expensive to grow, and discouraged in 
developing countries where it may be cheaper. This edition also shows why the 
recent recovery in the world economy, although sustained for four years, has 
failed to resolve some of the fundamental problems revealed during the 1980-83 
recession, stressing that the hesitant nature of the recovery lies in policy failures 
of the recent past. In reviewing prospects for the next few years, the Report 
concludes that while special initiatives on debt will be required for a few highly 
indebted developing countries, continued policy reform by governments offers 
the best opportunities for further growth. 

1986 266 pp.; charts, tables, maps paper $9.95; cloth $26.00 





Prices are subject to change. 
To request an examination copy, write on school letterhead giving full course information, including course name, 
level, expected enrollment, and your decision deadline, to: College Humanities and Social Sciences Marketing Dept. 


Oxford University Press 


200 Madison Avenue * New York, NY 10016 
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— Oxford 


World Economic Outlook 1986 
Asurvey by the staff of the INTERNATIONAL MONETARY FUND 


The World Economic Outlook is an important supplementary book for courses in international 
economics and trade. Packed with the latest statistical information and insightful discussions of the 
major issues affecting today’s economy, it supplies the data that will make theoretical courses in 
international economics real to students. 

1986 280 pp.; charts and graphs paper $8.00 


The Economics of Uncertainty 
CJ. McKENNA, University College, Cardiff 


The first textbook of its kind, this is a non-technical introduction to the rapidly- growing field of 
the economics of uncertainty and the economics of information. McKenna outlines the broad 
issues and various techniques, and then considers applications to such topics as.insurance, quality 
uncertainty, signalling and the stock market. 

1986 256pp. cloth $19.95 


Game Theory with Applications to Economics 

JAMES W. FRIEDMAN, Virginia Polytechnic Institute and State University _ 

Drawing on examples from current economic literature and politics, this is the first book on game 
theory at an introductory, but not elementary, level. The author covers those topics in game theory 
that are of great actual or potential use in economics, such as noncooperative games, two-person 


cooperative games, and cooperative games with and without side payments. 
1986 292 pp.;41 figs. cloth $24.95 


NOW AVAILABLE IN PAPERBACK 
History of Economic Analysis 


The late JOSEPH A. SCHUMPETER 


At the time of his death in 1950, Joseph Schumpeter—one of the major figures in economics 
during the first half of the 20th century —was working on his monumental History of Economic 
Analysis. Although never fully completed, it has gained a reputation as a classic of its kind and has 
become required reading for graduate students of economics. 

October 1986 1,288 pp. paper $19.95 


Information and the Crisis Economy 
HERBERT I. SCHILLER, University of California, San Diego 


In this provocative work, Herbert Schiller links the current proliferation of technologically 
sophisticated activities to efforts to control the economic, political, and cultural strains produced 
by a general crisis of the world market system. Furthermore, he argues that although these 
informational efforts may be succeeding on a short-term basis, they may be laying the groundwork 
for far more intense crises in the not-too-distant future. 

1986 160pp. paper $6.95 
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Microeconomic Principles 

FRANK A. COWELL, The London School of Economics and Political Science 

This comprehensive textbook offers a thorough coverage of the basic principles that underlie 
standard modem theoretical and applied economics. The book includes exercises with answers to 


help students understand and apply the analytic techniques presented. 
September 1986 360 pp. cloth $24.95 


Input-Output Economics 

Second Edition 

WASSILY LEONTIEF, Institute for Economic Analysis, New York University 

This collection of papers provides the only comprehensive introduction to Leontief’s Nobel 
Prize-winning model of input-output economics, and is now thoroughly revised— twelve of the 
eighteen papers are new to this edition. The book begins with non-technical articles of the theory 
of input-output economics and progresses to more technical discussions and specific applications 
of the theory. 

1986 320 pp.; 30 illus. paper $16.95; cloth $29.95 


Readings in Input-Output Analysis 

Edited by IRA SOHN, Montclair State College 

Here, Sohn brings together for the first time twenty-eight articles on input-output analysis written 
by both some of the early pioneers of the approach and current practitioners of the methodology, 
including articles by six Nobel Laureates. Among the topics covered are national and regional 
studies, studies on the coefficients matrix, and examples of the use of the approach in international 
trade, energy analysis, and regional economics. 

1986 416 pp.; 50 charts and graphs, 26 diagrams cloth $39.95 


Emerging from Poverty 

The Economics that Really Matters 

GERALD M. MEIER, Stanford University 

“As fine a survey of the basic issues of development economics as we have had.” — Foreign Affairs. 
“A splendid book.” —Isaiah Frank, Johns Hopkins University. This book assesses the efforts of 
economists to assist less-developed countries with economic growth. Meier offers a retrospective 
appraisal of the development record and a prescriptive analysis of the urgent policy measures that 
remain to be undertaken. i 

1985 (cloth 1984) 256 pp. paper $10.95; cloth $29.95 


Also by Gerald M. Meier 


Leading Issues in Economic Development 

Fourth Edition 

Completely revised and updated, this new edition reflects the current development mood of 
stock-taking and reassessment. The author makes readily accessible a meaningful range of - 
theoretical, applied, and policy materials in emphasizing the strategic policy issues which 
accelerate the development of poor nations. 

1984 800 pp.; 45 illus. paper $21:00 


Prices and publication dates are subject to change. 


To request an examination copy, write on school letterhead giving full course information, including course name, 
level, expected enrollment, and your decision deadline, to: College Humanities and Social Sciences Marketing Dept. 


Oxford University Press 


200 Madison Avenue * New York, NY 10016 
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Oxford 


The Welfare State East and West 


Edited by RICHARD ROSE, Centre for the Study of Public Policy, University of Strathclyde, and 
REI SHIRATORI, Centre for the Study of Contemporary Japan, University of Essex 


Written by internationally-renowned scholars from three continents, this is a unique, comparative 
examination of the different ways in which modern democratic societies—specifically the U.S., 
Japan, Great Britain, Scandinavia, Germany, and Israel— provide welfare today. The essays on 
Japan offer new insights into how a state not generally considered a welfare state manages to 
provide a wide array of successful welfare services, and broaden our notion of alternative sources 
of welfare. 

1986 320 pp. $29.95 


Britain’s Economic Renaissance 
Margaret Thatcher’s Reforms 1979-1984 , 


ALAN WALTERS, The Johns Hopkins University and American Enterprise Institute; formerly 
Personal Economic Advisor to Prime Minister Margaret Thatcher 

In this analysis of Margaret Thatcher's fiscal policy, Alan Walters provides a critique of the 
orthodox policy prescriptions of micro- and macroeconomics as well as a rational alternative 
approach to policy. Arguing that the course of Britain’s recovery since mid-1981 is evidence of the 
success of Mrs, Thatcher's policy, the book examines the effects her policies have had on 
international trade, employment, and industrial management and relations. 

1986 224pp. $29.95 


Does Aid Work? 

ROBERT CASSEN, Queen Elizabeth House, Oxford, and University of Sussex 

This work, resulting from a study commissioned by the World Bank and the International 
Monetary Fund, asserts that most aid succeeds in terms of its own objectives and obtains a 
reasonable rate of return. At the same time, it acknowledges that foreign aid has its pitfalls and 
compares these failings with other forms of private and public investments, proposing measures 
for improving aid effectiveness. 

(Library of Political Economy) 

1986 350pp. cloth $32.00; paper $12.95 


The Collected Works of Walter Bagehot 


Volumes XH and XII: Letters 
Volumes XIV and XV: Miscellany 


Edited by NORMAN ST. JOHN-STEVAS 


Walter Bagehot (1828-1877), banker, economist, political thinker and commentator, critic and 
man of letters, was Victorian England’s most versatile genius. The publication of these four 
volumes completes the publication of his collected works. 
1986 Vols. XII and XIII: 736 pp.; 2 pp. plates $135.00 boxed set 
Vols. XIV and XV: 932 pp.; 16 pp. plates $135.00 boxed set 
$750.00 all 15 vols. 
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The Future Impact of Automation on Workers 


WASSILY LEONTIEF and FAYE DUCHIN, both of the Institute for Economic Analysis, 

New York University 

In this extension of Leontief's Nobel Prize-winning input-output approach to the U.S. economy, 
the authors analyze the future impact on the labor force of computer-driven automation. They 
concentrate in particular on computer-based technological change in industrial production, office 
systems, education, and health care. 

1986 170pp. $24.95 


The Scourge of Monetarism 

Second Edition 

NICHOLAS KALDOR, King’s College, Cambridge 

Now thoroughly revised and updated, the second edition of this book also includes a new 


introduction that places Britain’s experience of monetarism in a world context. 
1986 128 pp.;illus. paper $8.95 


Monetarism and the Labour Market 
DEREK ROBINSON, Institute of Economics and Statistics and Magdalen College, Oxford 


This examination of the role of the labor market in monetarist theory and policy considers the 
extent to which monetarist explanations of wages, unemployment and inflation legitimately fit in 
with labor market analysis, and to what extent they require special—and often 
unrealistic——assumptions about how workers and unions will behave. 

(Library of Political Economy) 

1986 456 pp. cloth $34.95; paper $16.95 


The Political Economy of Chinese Development Since 1949 
CARL RISKIN, Columbia University 


This comprehensive and interpretive economic history of China since 1949 presents the recent 
dramatic changes in China's approach to economic organization and development in an historical 
context. Riskin examines the policies that grew out of the Maoist assault on Soviet-type central 
planning, linking the successes and failures of reform to the still sharp contradictions in China's 
political economy. 

(Economies of the World) 

1986 336 pp.;illus. cloth $34.95; paper $16.95 


Informal Markets in Developing Countries 

N. VJAY JAGANNATHAN, Ministry of Finance, Government of West Bengal, India 

Drawing on his years as an official in the Indian Administrative Service, Jagannathan presents an 
intriguing study of the informal economic institutions of the poor of West Bengal. Probing recent 
developments in law, economics, sociology, and anthropology, he provides a comprehensive ` 


portrayal of the qualitative dimensions of poverty and economic development. 
1986 160pp. $24.95 


Prices and publication dates are subject to change. 
To order, send check or money order to: Humanities & Social Sciences Marketing Dept. 


Oxford University Press 


200 Madison Avenue * New York, NY 10016 
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The Knowledge Industry 
in the United States, 


1960-1980 


Michael Rogers Rubin and Mary Taylor Huber 
With Elizabeth Lloyd Taylor 


-This work measures the economic size and importance to the 
United States economy of education, research and development 
activities, communications, information services, and information 
machines, including computers and telecommunications equipment. 
These are the “knowledge industries,” first analyzed as a group by 
Fritz Machlup in The Production and Distribution of Knowledge in the 
United States (Princeton, 1962). Planned in its early stages by 
Professor Machlup and completed after his death by his research 
associates, The Knowledge Industry in the United States, 1960—1980 
brings his research up to date. 133 tables. $40.00 : 


At your bookstore or 
41 William Stret Princeton University Press princeton, nj 08540 
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—=~ ONE WORD PROCESSOR STANDS OUT... 
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scientific word processing: piece rae manuscripts directly at the 
keyboard. Expressions appear on 
the screen as they'll be printed, 
with special fonts, line spacing, 
underline, boldface, italics, 
subscripts and superscripts all 
correctly displayed, 





























- Fonts of mathematical symbols. 
Greek, italics, script, Russian, 
and chemistry symbols are 
supplied, You can make your own 
characters if you need them. 


* Complex expressions can be 
saved by name, in files of 
keyboard macros, so you'll never 
have to retype them again. 
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Basic Books, Inc. 


- Bailout 


An Insider's Account of Bank Failures and Rescues 
IRVINE H. SPRAGUE 


The former Chairman and Director of the FDIC offers a unique account of how our government 
handles bank failures as he describes in fascinating detail the recent rescues of four major banks. 
“Most interesting . . . . It makes for fascinating reading that highlights the problems and concerns 
for public policy toward banking. Must reading for all students of banking." —-GEORGE KAUFMAN, 
Loyola University of Chicago cloth, $17.95 


The Capitalist Kevolution 
Fifty Propositions About Prosperity, Equality, and Liberty 
l PETER L. BERGER 


The world renowned sociologist provides a brilliant analysis of how capitalism has revolutionized 
modern life. “I am awed by the grand character of Berger's enterprise . . . Altogether, this extraor- 
dinary book is a major contribution to the ongoing debate over the market versus the state. "— 
JAMES S. COLEMAN, University of Chicago cloth, $17.95 


The Economic Emergence 


BARBARA R. BERGMANN 
The Economic Emergence of Women is the first complete assessment of the greatest economic 
revolution of our time. Bergmann spells out the consequences of this profound transformation 
and prescribes an agenda for critical innovations in public policy. Balanced and based on hard 


facts, this important new book will help define the national debate over the economic consequences 
of the sexual revolution. cloth, $20.95 November 


King Solomon's 
Mines Revisited 


Western Interests and the 
Burdened History of Southem Africa 
WILLIAM MINTER 


Here is the only book to make sense of today’s explosive crisis in South Africa—a crisis only 
understandable in terms of the troubled past century of Western interests and ambitions in the 
region. As relations between the United States and Peoria reach the boiling point, this book is 
destined to become an essential part of the great debate over Western policy toward apartheid. 

cloth, $19.95 November 


KJ 
Basic Books, Inc. 
10 East 53rd St., New York, NY 10022 
Call toll free (800) 638-3030 
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ACLASS ACT 


A Basic Framework 
for Economics 


Leftwich 

Gay Third Edition 
Macroeconomics 

Ekelund 

DeLorme Second Edition 
Economics of Social Issues 
Sharp 

Leftwich Seventh Edition 


Managerial Economics 
Southwick 


Managerial Economics: 
Analysis and Cases 
Coyne Fifth Edition 


Readings In Managerial 
Economics 
Coyne Fourth Edition 


Intermediate 
Microeconomics 
Solberg 


Financial Institutions and 
Markets in a Changing 
World 


Fraser 

Rose Third Edition 
Money and Capital Markets 
Rose Second Edition 
Financial Institutions 

Rose 

Fraser Second Edition 
Money and Banking: 


Contemporary Practices, 
Policies and Issues 

Black 

Daniel Second Edition 


<INEW FOR ’87 


<1NEW FOR ’87 


< NEW FOR ’87 


Money, Financial 
‘Institutions and 
the Economy 
Harrison 


Public Finance: A 
Normative Theory 
Tresch 


Labor Relations: 
Development, Structure, 
Process 

Fossum Third Edition 


The Collective Bargaining 
Process: Readings 

and Analysis 
Baderschneider 

Block 

Fossum 


NEW FOR ’87P Statistics for Business 


and Economics 
Van Matre 
Gilbreath Third Edition 


Business and Economics 
Statistics 

Plane 

Oppermann Third Edition 


Fundamentals of 
Management Science 

Turban 

Meredith Third Edition 


Essentials of 


Management Science 
Meredith 
Turban 


Cases and Readings in 
Management Science 
Turban 

Loomba Second Edition 


@ BUSINESS BOBLICATIONS, INC. 


1700 Alma, Suite 390, Plano, Tx 75075 
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EXPANDING KNOWLEDGE IN ECONOMICS 
EXPLORATIONS IN ECONOMIC HISTORY 


Editor: Larry Neal, University of Illinois, Urbana 


Broad coverage of the application of economic analysis to historical episodes 
Volume 23 (1986), 4 issues ISSN 0014-4983 
In the U.S.A. and Canada: $87.00 All other countries: $103.00 


JOURNAL OF COMPARATIVE ECONOMICS 


Editor: Josef C. Brada, Arizona State University, Tempe 


Theoretical and empirical articles on past and present economic systems and subsystems 
Volume 10 (1986), 4 issues - ` ISSN 0147-5967 
In the U.S.A. and Canada: $77. 00 All other countries: $90.00 


JOURNAL OF ECONOMIC THEORY 


Editor: Karl Shell, Cornell University, Ithaca, New York 


Theoretical analysis of economic models and related mathematical techniques 
Volumes 38-40 (1986), 6 issues ISSN 0022-0531 
In the U.S.A. and Canada: $279.00 ` i All other countries: $323.00 


JOURNAL OF . 
ENVIRONMENTAL ECONOMICS AND MANAGEMENT 


Editors: Allen V. Kneese, Resources for the Future, Inc., Washington, D.C. 
Ralph C. d’Arge, University of Wyoming, Laramie 


Concerned with the ‘linkage between economic and environmental systems 
Volume 13 (1986), 4 issues ISSN 0095-0696 
In the U.S.A. and Canada: $84.00 All other countries: $100.00 


JOURNAL OF URBAN ECONOMICS 


Editor: Edwin S. Mills, Princeton University; Princeton, New Jersey 


Empirical, theoretical, positive, or formative approaches to urban economics 
Volumes 19-20 (1986), 6 issues . ISSN 0094-1190 
In the U.S.A. and Canada: $150.00 . All other countries: $174.00 


‘NEW for 1987! 


. JOURNAL OF 
THE JAPANESE AND INTERNATIONAL ECONOMIES 


Editorial Board: Masahiko Aoki, University of Kyoto and Stanford University 
Michihiro Ohyama, Keio University, Koichi Hamada, Yale University 
. Masahiro Okuno- Fujiwara, University of Tokyo 


Analyses of the Japanese economy and ‘the interdependence between this and other na- 
tional economies 


Sample. copies and privileged personal rates are available on request. To enter your sub- 
scription or for more information, please write or call: 


ACADEMIC PRESS, INC., Journal Promotion Dept. 
1250 Sixth Avenue, San Diego, CA 92101, U.S.A., (619) 230-1840 


ACADEMIC PRESS, INC. 


Harcourt Brace Jovanovich, Publishers 


San Diego Orlando New York Austin Boston London Sydney Tokyo Toronto 
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... for the 
Principles Course 
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ECONOMICS 
Private and Public Choice 
Fourth Edition 

JAMES GWARTNEY 
RICHARD STROUP 

Hardcover, 832 pages (tentative) 


Also available in two volume format. 


Emphasizes the economic way of thinking. This 
new edition develops macroeconomic analysis from 
its microeconomic foundation. A complete package 
of ancillaries—all developed by the author and well 
integrated into the text—is available. 


ECONOMICS 
Cost and Choice 


J. R. CLARK 


MICHAEL VESETH 
Hardcover, 850 pages (tentative). 


Also available in two volume format. 


A clear, practical presentation that features a unique 
Cross Reference Index System (CRIS) to help 
students to recognize and link key concepts in study 
and review: A complete array of ancillaries is 


available. 
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MACROECONOMICS 
LAURENCE SEIDMAN 
Hardcover, 704 pages (tentative). 

Complete ancillary package available. 

“The problems of long-run growth have been 
climbing toward the top of the national agenda. 
Seidman’s new book offers an unusually thorough 
and complete treatment. I especially liked the way 
that the issues are framed in terms of policy 


choices.” Robert M. Solow 

















ceme RT 


INTERNATIONAL ECONOMICS 
A Policy Approach 

Fifth Edition 

MORDECHAI E. KREININ 

Hardcover, 480 pages (tentative). 

A comprehensive introduction to international 
finance and trade, emphasizing international 
economic policy and policy analysis. 

























FUNDAMENTALS OF 
MANAGERIAL ECONOMICS 
BARRY KEATING 

J. HOLTON WILSON 

Hardcover, 576 pages (tentative). 

Focuses on applications of microeconomic theory, 
with numerous examples and applications. The 
most complete ancillary package available, includes 
student software (ME-STAT) with manual and 
lecture demonstration software for instructors. 
Noncalculus based. 


HARCOURT BRACE JOVANOVICH, INC. 
College Department 

1250 Sixth Avenue 

San Diego, CA 92101 
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SWE 


The Committee on the Status of Women in the Economics Profession 





CSWEP, an arm of the American Economic Association, publishes a thrice-yearly 
newsletter to let you know all the news - good or bad - about women in the economics 
profession. 


The newsletter carries items about: 


research on sex role issues 
new publications 
hiring (or non-hiring) of women economists 
conferences for or about women 


what other professional women’s groups are doing to 
Jurther women’s interests in their disciplines 


developments in government and industry 


CSWEP speaks up on behalf of women economists in hiring, research and governmental 
policies. 


CSWEP represents women’s point of view in the committee work of the American 
Economic Association. It makes an annual report to AEA on the status of women 
economists. 


CSWEP is a presence at annual meetings of the AEA and of the regional economics 
associations. It sponsors sessions at these meetings, where research by and about women 
can get an audience. 


CSWEP publishes a ROSTER OF WOMEN ECONOMISTS for purposes of 
communication and job placement. Dues-paying members receive the latest roster, 
which lists women economists by and where they teach or work, by their specialty in 
economics, and by city, as well as alphabetically. 


CSWEP is the voice of women economists when coalitions of professional women join ` 
to advance sex equality i in professional life. 


To become a dues-paying member of COSWEP 
send this with a check for $15 (tax deductible) made out to CSWEP to: 


` CSWER, c/o Joan G. Haworth 
4901 Tower Court, Tallahassee, Fla. 32303 


NAME 
MAILING ADDRESS 


CITY, STATE, ZIP 
Check here if currently an AEA member Oo 
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AMERICAN ECONOMIC ASSOCIATION 
1986 ANNUAL MEMBERSHIP RATES 


‘Membership includes: 


—a subscription to both The American Economic Review (quarterly) plus Papers and Pro- 


ceedings and the Journal of Economic Literature (quarterly). 


© Regular members with annual in- 
comes of $30,000 or less 


@ Regular members with annual in- 
comes above $30,000 but no more 
than $40,000 


@ Regular members with annual in- 
comes above $40,000 


@ Junior members (available to regis- 
tered students for three years only). 


Student status must be certified by ` 
your major professor or school 
registrar 


In Countries other than the U.S.A., 
Add $12.00 to cover postage. 


Family members (persons living at 
the same address as a regular mem- 
ber, additional memberships without 
subscription to the publications of 
the Association) 


Please begin my issues with: 


O March O June 


(includes Papers 
and Proceedings) 


September O December 


First Name and Initial 


MAJOR FIELDS (TWO ONLY) 


LIST FIELDS WITH WHICH 

YOU CURRENTLY IDENTIFY. 

SELECT FIELD CODE FROM JEL, 
Address Line 2 hig sie gad System 


for Books. 


State or Country Zip/Postal Code 


Address Line 1 


Please type or print information above; Please pay us either with a check or money 
order payable in United States Dollars. Canadian and foreign payments must be in the 
form of a draft or check drawn on a United States bank payable in United States Dol- 
lars. Please note: it is the policy of the Association, not to refund membership payments. 


Endorsed by (AEA member) 
Below for Junior Members Only 


I certify that the person named above is enrolled as a student at ; 


Authorized Signature 


PLEASE SEND WITH PAYMENT TO: 


AMERICAN ECONOMIC ASSOCIATION 
1313 21$T AVENUE SOUTH, SUITE 809 
NASHVILLE, TENNESSEE 37212-2786 
U.S.A. 
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Begin making plans to attend the 


Annual Meeting of 
The American 
Economic Association 


(in Conjunction with Allied Social Science Associations) 
to be held in 


NEW ORLEANS, LA 


Dec. 28-30, 1986 


The Employment Center opens Saturday, December 27. 


See the Notes section of the September AER for the American Economic Associa- 
tion’s preliminary program. 


The 1987 meeting will be held in Chicago, IL, December 28-30. 
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The First Family 
of Forecasting 


ss cea cecsmas Seer aa: 
~ SE A 
Nec women $e + Sore at a amin A 


| pasco | | ESP szg 
FCONOMICA | | | 


| 


I; 
| 


D 


N 


n | 


ECONOMICA, Inc., the pioneer of PC-based 
forecasting, specializes in software for economists, 
managers, and planners. We've combined the 
speed and convenience of personal computing with 
the accuracy of advanced economic modeling to put 
the future at your fingertips. 


No Delays, No Hidden Fees 


Because ECONOMICA software operates on your 
own IBM® PC, PC/XT,™ PC AT,™ or any other 
MS-DOS™ system, we've eliminated the delays, 
constraints and hidden costs of mainframe services. 
You can generate forecasts as often as you like, for 
as many variables as you need. And you can cus- 
tomize the equations and alter the assumptions with 
just a few keystrokes. 


Fully Integrated Software 


ECONOMICA offers a fully integrated software 
family. This allows you to move data from one pro- 
gram to another without redundant keystroking or 
tedious programming. And all ECONOMICA pro- 
grams present a variety of format options—from 
simple spreadsheets to elaborate graphics. 


From the Makers of FAIRMODEL 
To satisfy all your forecasting needs, ECONOM- 


-ICA announces the addition of two software pro- 


grams to its product line, both compatible with our 
acclairned FAIRMODEL package for macroeconomic 


forecasting. 


i CAT ate 
is a registered trademark and PC/XT, and P 
erect of International Business Machines Corp. 
MS-DOS is a trademark of Microsoft Corp. ESPisa 
registered trademark and The Econometric Software 
Package is a trademark of MIKROS Corp. 


ESP®-The Econometric 
Software Package™ 


ECONOMICA now has publishing rights to ESP, 
the premier econometric software package. This 
comprehensive forecasting tool integrates econo- 
metric and statistical analyses with advanced 
graphics and data management. With ESP, you 
can formulate your own models and generate cus- 
tomized forecasts using either your own data or 
FAIRMODEL predictions—or both, so that you can 
monitor the effects of economic changes in your 
own industry and in your markets on your compa- 
ny’s sales and profits. 


FINANCIAL MODEL 


Designed by Dr. Ray Fair, named the nation's top 
forecasting economist in the Business Week survey, 
Financial Model evaluates portfolio outlook through 
the year 2000. The model forecasts money supply, 
interest rates, flow of funds, deposits, outstanding 
credit, bond yields, Eurodollar rates, the Standard 
and Poor's 500-stock Index and more. 


For more information, Call ECONOMICA, 
Inc., 2067 Massachusetts Ave., Cambridge, 
Mass. (617) 661-3260; TELEX via WUI 
6502773397 MCI. 
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MATHEMATICAL AND STATISTICAL SYSTEM : 


Written by Lee E. Ediefsen and Samuel D. Jones A aA 
FOR IBM PC/XT/AT AND COMPATIBLES . S$ e` 


NP en ge OA 
GAUSS is a sophisticated mathematical and statistical programming package torth MPC 
and compatibles. It combines speed, power, and ease of use in one amazing program. 


GAUSS allows you to do essentially anything you can do with a mainframe statistical:package 


— and a lot more. 


Personal computers are friendly, convenient;.and inexpensive. So is GAUSS. GAUSS isnot just 
a stripped-down mainframe program. GAUSS has been designed from the ground up fo take 
advantage of all of the conveniences of a personal computer. After trying GAUSS, you may never 


use a mainframe again. 





GAUSS comes with programs written in its matrix pro- 
gramming language that allow you to do most statistical 
procedures, including OLS, 2SLS, 3SLS, PROBIT, LOGIT, 
MAXIMUM LIKELIHOOD, and NON-LINEAR LEAST SQUARES. 


In the current version, GAUSS will accept 
up to 90 variables in a regression. There is 
no limit on the number of observations. 


GAUSS will do a regression with 10 — 

independent variables and 800 observa-- 
tions in under 4 seconds — and with 50 
variables and 10,000 observations in 
under 18 minutes. It will compute the 
maximum likelihood estimates of a binary 
logit model, with 10 variables and 1,000 
observations, in 1-2 minutes, depending 
upon the number of iterations required. 


-GAUSS allows you to do complicated 
statistical procedures that you would never 
imagine trying on a mainframe. It is easy 
fo program almost any routine, and GAUSS 
is so fast that it can do almost any job. But 
the nicest thing of all is that the cost of time on your 
personal computer is essentially zero! 


GAUSS is an excellent teaching tool. It makes programming 
easy and allows students fo focus on concepts and techniques. 
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if you can write it mathematically, you can write itin GAUSS. 
Furthermore, you can write it in GAUSS almost exactly the 
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GAUSS is 10-15 times faster than other programs that use 
the 8087, and 15-100 times faster than |. 
other programs that do not use the 8087. < 


As in APL, single statements in GAUSS |: 
can accomplish what might take dozens i 
of lines in another language. However, t 
GAUSS provides you with additional power- 
ful numerical operators and functions — 4 
especially for statistics and the solution of } | +} 
linear equations — that are not found in | | <” 
APL. And, of course, the syntax in GAUSS A 
is much more natural for most of us)than se 
that in APL. - l 


GAUSS has state-of-the-art numerical : 
routines and random number generators. | ` 


GAUSS is extremely accurate. It allows 
you to do an entire regression in 19 digit | - o 
accuracy. It will compute the Longley | © °! } 
benchmark coeficients in 5 hundredths of a second with an ef 
average of 11 correct digits! (Try that on a mainframe!) |. ' 


GAUSS, with its built-in random number generators and | £ 
' 


powerful functions and operators, is an excellent tool for 
doing simulations. : Ae 
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| FINANCIAL MODEL 


ECONOMICA, Inc., the pioneer of PC-based 
forecasting, specializes in software for economists, 
managers, and planners. We've combined the 
speed and convenience of personal computing with 
the accuracy of advanced economic modeling to put 
the future at your fingertips. 


No Delays, No Hidden Fees 


Because ECONOMICA software operates on your 
own IBM® PC, PC/XT,™ PC AI,™ or any other 
MS-DOS™ system, we've eliminated the delays, 
constraints and hidden costs of mainframe services. 
You can generate forecasts as often as you like, for 
as many variables as you need. And you can cus- 
tomize the equations and alter the assumptions with 
just a few keystrokes, 


Fully Integrated Software 


ECONOMICA offers a fully integrated software 
family. This allows you to move data from one pro- 
gram to another without redundant keystroking or 
tedious programming. And all ECONOMICA pro- 
grams present a variety of format options—from 
simple spreadsheets to elaborate graphics. 


From the Makers of FAIRMODEL 


To satisfy alf your forecasting needs, ECONOM- 


ICA announces the addition of two software pro- 
grams to its product line, both compatible with our 
acclaimed FAIRMODEL package for macroeconomic 
forecasting. 


IBM is a registered trademark and PC/XT, and PC AT are 
trademarks of International Business Machines Corp. 
MS-DOS is a trademark of Microsoft Corp. ESP is a 
registered trademark and The Econometric Software 
Package is a trademark of MIKROS Corp. 


ESP®-The Econometric 
Software Package™ 


ECONOMICA now has publishing rights to ESP, 
the premier econometric software package. This 
comprehensive forecasting tool integrates econo- 
metric and statistical analyses with advanced 
graphics and data management. With ESP, you 
can formulate your own models and generate cus- 
tomized forecasts using either your own data or 
FAIRMODEL predictions—or both, so that you can 
monitor the effects of economic changes in your 
own industry and in your markets on your compa- 
ny’'s sales and profits. 


FINANCIAL MODEL 


Designed by Dr. Ray Fair, named the nation's top 
forecasting economist in the Business Week survey, 
Financial Mode! evaluates portfolio outlook through 
the year 2000. The model forecasts money supply, 
interest rates, flow of funds, deposits, outstanding 
credit, bond yields, Eurodollar rates, the Standard 
and Poor's 500-stock Index and more. 


For more information, Call ECONOMICA, 
Inc., 2067 Massachusetts Ave., Cambridge,. 
Mass. (617) 661-3260; TELEX via WUI 
6502773397 MCI. 
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and compatibles. It combines speed, power, and ease of use in one amazing p program. 


GAUSS allows you to do essentially anything you can do witha mainframe statistical: package 
— and a lot more. ae 


Personal computers are friendly, convenient, and inexpensive. So is GAUSS. GAUSS is not just 
a stripped-down mainframe program. GAUSS has been designed from the ground up to take 
advantage of all of the conveniences of a personal computer. After tyi ng GAUSS, you may never 
use a mainframe again. 













GAUSS comes with programs written in its matrix pro- 
gramming language that allow you to do most statistical 
procedures, including OLS, 2SLS, 3SLS, PROBIT, LOGIT, 
MAXIMUM LIKELIHOOD, and NON-LINEAR LEAST SQUARES. 


If you can write it mathematically, you can write it in GAUSS. 
Furthermore, you can write it in GAUSS almost exactly the 
way you would write it mathematically. 


GAUSS is 10-15 times faster than other programs that use 
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In the current version, GAUSS will accept 
up to SOvariables in a regression. There is 
no limit on the number of observations. 


GAUSS will do a regression with 10 


tions in under 4 seconds — and with 50 
variables and 10,000 observations in 
under 18 minutes. It will compute the 
maximum likelihood estimates of a binary 
logit model, with 10 variables and 1,000 
observations, in 1-2 minutes, depending 
upon the number of iterations required. 


-GAUSS allows you to do complicated 
statistical procedures that you would never 
imagine trying on a mainframe. it is easy 
to program almost any routine, and GAUSS 


independent variables and 800 observa-- 






the 8087, and 15-100 times faster than 
other programs that do not use the 8087. 


As in APL, single statements in GAUSS 
can accomplish what might take dozens 
of tines in another language. However, 
GAUSS provides you with additional power- 
ful numerical operators and functions — 
especially for statistics and the solution of 
linear equations — that are not found in 
APL. And, of course, the syntax.in GAUSS 
is much more natural (for most of us) than 
that in APL. - 


GAUSS has state-of-the-art numerical 
routines and random number generators. 


GAUSS is extremely accurate. It allows 
















you to do an entire regression in 19 digit 
accuracy. It will compute’ the Longley 
benchmark coeficients in 5 hundredths of a second with an 
average of 11 correct digits! (Try that on a mainframe!) - 


GAUSS, with its built-in random number generators and 
powerful functions and operators, is an excellent tool for 
doing simulations, 


GAUSS and the 8087 NUMERIC DATA PROCESSOR GIVE YOU iL 
PERFORMANCE ON YOUR DESKTOP. 
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P.O. Box 6487, Kent, WA 98064 
(206) 631-6679 






| is so fastthat it can do almost any job. But 
the nicest thing of all is that the cost of time on your 
personal computer is essentially zero! 


GAUSS is an excellent teaching tool. It makes programming 
easy and allows students to focus on concepts and techniques. 













GAUSS Programming Language .............. $200 00 


pales s h: 
(includes Applications Module 1) plus shipping /handling 


GAUSS Mathematical and Statistical System .... $300.00 


(includes Language, Applications Modules 1-11) plus shipping handing 






GAUSS is offered with a 30 day money-back guarantee. GAUSS is not copy protected. Requires an IBM 
PC/XT/AT or compatible with 8087 /80287. 2 DS/DD disk drives and for hard disk, 320-640K RAM, DOS 
21 of above. Graphics require IBM Color Graphics Adaptor or equivalent, with suitable monitor. 
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